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The Craze-Cracking of Metals 


By L. Northcott, D.Sc., Ph.D., F.I.M., and H. G. Baron, M.Sc. 


Introduction 


METAL COMPONENTS sometimes fail by a form of 
cracking which is known variously as thermal fatigue, 
craze-cracking, heat checking, and network or mosaic 
cracking. This type of failure occurs when a surface 
is repeatedly heated and cooled. The cracks which are 
‘ormed in the heated layer are usually shallow and 
may either be oriented at random or have a preferred 
direction. The surface may withstand many thousands 
of thermal cycles before cracking develops, or on 
the other hand cracks may be found after the first 
few cycles if the conditions are severe and the material 
is brittle. For many applications slight cracking can 
be tolerated but usually a stage is reached when the 
cracks propagate sufficiently either to fracture or to 
render the component unsatisfactory. 

When a surface of a piece of metal is rapidly heated 
thermal expansion is to some extent prevented by 
the cooler underlying metal and compressive stresses 
are produced. If the elastic limit is exceeded, plastic 
flow takes place in the direction perpendicular to the 
surface, and on subsequent cooling this region is left in 
tension. This tensile stress is the primary cause of 
the cracking, although other factors such as external 
stresses and phase changes may complicate the 
picture. 

This effect of thermal gradients should not be 
confused with the phenomenon found by Boas and 
Honeycombe! ? in certain non-cubic metals in which 
the marked anisotropy of thermal expansion leads to 
plastic flow during uniform heating. They found 
evidence of plastic deformation in polycrystalline 
samples of zinc, cadmium, and tin which had been 
uniformly heated to 150° C. Burke and Turkalo® have 
discovered in zinc bi-crystals a similar though more 
complex phenomenon which they call ‘thermal 
ratcheting.’ In cubic metals which are relatively iso- 
tropic these phenomena are probably unimportant. 

The object of the present investigation was to 
develop a suitable test equipment and procedure, to 
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SYNOPSIS 

Craze-cracking is a form of surface failure produced by repeated 
thermal stresses. Published work on both the practical and funda- 
mental aspects of craze-cracking is reviewed, and preliminaryexperi- 
ments in an investigation of this phenomena are then described. 
The work is mainly concerned with the cracking produced in steels 
when high surface temperatures (over 700° C) are attained. 

In the experimental method now being used, one face of a small 
test-piece is intermittently heated by H.F. induction whilst the 
main body of the test-piece is continuously water-cooled. A brief 
summary is given of the results so far obtained and graphs are 
presented which show the approximate stresses and strains set up 
in a low-alloy steel during various thermal cycles. 1192 


study the cracking obtained in steels, and later to 
evaluate different metals and alloys for their ten- 
dency to craze-cracking. 

PREVIOUS WORK 

In view of the widespread occurrence of craze- 
cracking in the metallurgical field there is a surprising 
lack of original work published on the subject. 
However, the recent publications by Coffin*-® provide 
invaluable information cn some aspects of craze- 
cracking. 

Coffin used a thin-walled cylindrical test-piece 
which was alternately heated by passing a heavy 
current through the wall, then cooled by a flow of 
cold gas through the bore. The test-piece was clamped 
in a very stiff framework which was not heated and 
which effectively restrained axial movement of the 
test-piece. The thermal cycle was continued until a 
crack developed. The test is closely related to con- 
ventional push-pull fatigue tests, but perhaps the 
chief advantage is that the stress in the test-piece can 
be measured throughout the cycle and _ therefore 
useful information can be derived about the stress 
strain behaviour. A small disadvantage is the lack 
of uniformity of temperature along the gauge length 
of the test-piece; the centre attains a higher tempera- 
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ture than the radiused shoulders and consequently 
there is probably some degree of strain concentration 
near the centre. 

In these experiments Coffin used an 18/8 Cr-Ni 
austenitic steel, and the mean cycle temperature 
(Tmax + T'min)/2 was usually kept constant at 
350° C. Under these conditions the number of cycles 
to produce a crack decreased with the temperature 
range A7' in the manner of a fatigue curve. The 
agreement with push-pull fatigue tests at 350° C was 
not very good, thus the thermal cycle 600-100° C gave 
a strain change Ae of 0-01 per cycle and produced a 
crack in about 2000 cycles, whereas a similar specimen 
given the same strain change in fatigue tests at 350° C 
required about 6000 cycles to give a crack. The 
number of cycles to fracture also decreased when the 
mean temperature was increased and A7' was held 
constant. 

The influence of a notch and other methods of 
producing strain concentration were investigated 
and shown to reduce the number of cycles to fracture, 
and ‘ phenomenological’ theories were put forward 













































































Fig. 1—Test-pieces and inductors used in preliminary 
experiments 
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which explain these results. Coffin also investigated 
the influence of prior cold work on the resistance to 
thermal cracking, and on the stress-change in the 
cycle. These aspects will be considered subsequently. 

An experimental method which was similar in 
essence to this had previously been used by Scholz,’ 
but very few results were given. A simpler test of the 
same nature has also been used to find suitable 
aluminium alloys for aero-engine cylinder heads.$ 

Quench cracking is an allied subject which it is not 
proposed to review since the research on this subject 
usually deals with the major cracks produced by ¢ 
single quench. However, Radeker® has recently 
shown that typical craze-cracking can be produced by 
repeated quenching. In these tests a block of metal 
with a 12-mm bore was heated in a furnace and then 
partially quenched by passing 2 |. of water along the 
bore. The cycle was usually repeated 250 times, 
then the test-piece was sectioned and examined for 
cracks. 

Radeker obtained fine cracks (0-008 in. deep) in 
low-carbon steels with a quenching temperature as 
low as 400° C, and two of the steels even produced 
small cracks after repeated quenching from 300° C. 
The maximum depth of cracking in each steel (0-020- 
0-060 in.) was obtained with quenching temperatures 
of 600° and 700°C. In some cases 700°C gave 
smaller cracks than 600° C. These quenching tempera- 
tures also produced severe contraction of the bore, 
250 cycles from 700°C reduced the bore diameter 
from 12 mm to 6 mm. A test-piece of grey cast iron 
maintained its original dimensions but fractured 
completely. 

The published work which deals mainly with craze- 
cracking in industrial equipment or specific compon- 
ents will now be reviewed.* 


Ingot Moulds 

Bailey’® investigated the behaviour of various 
mould materials for strip brass ingot casting. He 
found that copper moulds behaved well, whereas 
mild-steel moulds warped rapidly and cast iron moulds 
were subject to craze-cracking; the temperature 
gradient across the copper mould was much smaller 
than across the ferrous moulds and he concluded there- 
fore that the better behaviour of the copper mould 
was due to its higher thermal conductivity. (The 
low modulus of elasticity of copper is a further 
advantage.) The rapid changes in temperature in the 
inner surface layer of a steel or cast-iron mould 
caused large and rapidly changing stresses in this 
portion of the mould wall; in the steel mould the 
stresses set up on cooling caused the mould to warp 
and become concave on the inner surface, whereas 
with cast iron, since this cannot flow plastically to 
any appreciable extent, the tensile stress on the inner 
surface caused transverse cracks to appear. The 
occurrence of these cracks prevented warping, further 
stresses being relieved by a slight opening of the 
transverse cracks. With the higher conductivity of 
the copper the thermal stresses set up within the 





* An extensive review which deals particularly with 
thermal fatigue in or near welded joints has been pub- 
lished by the American Welding Society (H. Thielsch, 
Welding Research Council Bull. No. 10, Apr., 1952). 
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mould wall were very small. Several investigators 
have recommended particular compositions and 
materials for reducing craze-cracking in ingot moulds, 
e.g. Spalding" has taken out a patent for a mould 
material having improved resistance to the formation 
of small cracks in its surface; the material is a grey 
cast iron containing up to 6°% copper. 

Land!* has given an approximate mathematical 
analysis of the thermal stresses in ingot moulds. 
He shows that the initial compressive stress on the 
inner surface is far in excess of any which could be 
maintained at high temperatures, and that consider- 
able plastic deformation must therefore occur in the 
inner layers of the mould in the early stages of casting. 
According to Pearce!® crazing is due to oxidation 
and growth commencing in the graphite cavities and 
is accelerated when the working face reaches the 
pearlite change-point at about 780° C. In the report 
on ingot mould life by a joint sub-committee of 
The Iron and Steel Institute,!4 the influence of many 
variables on mould life are assessed from works data. 
Moulds may fail by craze-cracking of the working 
surface or deep cracking and it is not always possible 
to decide from the data whether a given variable 
affects the resistance to craze-cracking; however, 
it is clear that all the factors which tend to increase 
the mould temperature would also increase the rate 
of craze-cracking. These factors include the pre-heat 
temperature, the casting temperature, and the time 
to strip. The characteristics of craze-cracking in 
ingot moulds have been illustrated by Lismer and 
Pickering.'®> These authors found two types of crack- 
ing, one of which they called ‘ projected crazing ’ 
which results from growth of the inner surface and 
from the development of an open network of deep 
cracks, whereas ‘ depressed crazing ’ was from severe 
oxidation of the inner surface. 


Hot Rolls 

Waine!® and others!” 18 have discussed craze- 
cracking in rolls, particularly those used for breaking 
down non-ferrous alloy ingots. Forged steel rolls have 
been found to be more resistant to cracking than 
chilled cast iron. The hardness of the steel rolls is 
very important: if too low, craze-cracking develops 
rapidly, but if too high, spalling takes place. The 
rolling temperatures are restricted to a maximum of 
about 500° C in the case of aluminium alloys and up 
to 900° C with copper-base alloys. It is stated that 
in the mosaic type of cracking occurring in rolls for 
the rolling of aluminium cast slabs at about 500° C, 
the cracks are found to be very shallow, usually 
only a few thousandths of an inch deep and are 
evidently a phenomenon due to stresses which are 
confined to the surface layer, such as those arising 
from rapid fluctuations of surface temperature. 


Dies (Die-Casting) 

Mickel'® considered the thermal stresses involved 
in components for dies for die-casting. He found that 
the die surface temperature could rapidly attain the 
molten metal temperature leading to high skin 
stresses. Craze-cracks develop very rapidly in pressure 
die-casting dies used for brass castings, and Brown”? 
suggested that this is due to the formation of a 
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brittle zine-rich layer on the die surface. On the other 
hand, in the manufacture of aluminium pressure die- 
castings a die life of half a million castings can be 
obtained, according to Sharp,”! if suitable precautions 
are taken. Sharp noticed that molten aluminium 
decarburizes the die steel to form an aluminium- 
rich surface layer, and he found that an initial car- 
burizing treatment improved the die life. Erichson?* 
has given the analyses of a number of steels which he 
considers suitable for pressure die-casting dies. 


Forging Tools and Dies 

According to Merchant?* the problem of craze- 
cracking in forging dies has been overcome by pre- 
heating the dies and using hot-die steels. These 
steels contain tungsten, with chromium, molybdenum, 
or vanadium, and Merchant believes that tungsten 
produces high resistance to craze-cracking. Riedel?! 
also has discussed craze-cracking in hot forging tools. 
Corbett, Succop, and Feduska*® state that a low- 
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(a) In air, centre of edge heated 
(b) In air, full length of edge heated, corner 
(c) In air, centre 
(d) In hydrogen, corner 
Fig. 2—Preliminary experiments with 5°, nickel steel, 
200 cycles 40-850 C 
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carbon steel containing 3°4 molybdenum has a good 
resistance to craze-cracking; they believe it is better 
than that of some tungsten steels. The impact resist- 
ance is rather low but it can be improved by adding 
3% nickel. 


Brake Drums 

Toghill and Angus?® have traced the development 
of automobile brake drum materials. Cast iron is now 
almost universally employed for brake drums, and 
craze-cracking sometimes occurs in racing and heavy 
transport applications. It has been found that a 
coarse graphite iron having a soft matrix gives the 
best resistance to craze-cracking, as was also found 
in ingot moulds. However, as this structure has a 
poor resistance to wear and scoring and is mechanically 
weak; a compromise iron having a fine graphite 
structure in a pearlitic matrix is now used. Toghill 
and Angus suggest that the superior resistance to 
craze-cracking of coarse graphite structures may be 
due in part to the high thermal conductivity of 
graphite. 








(a) 200 cycles 40-850° C in air 

(b) 200 cycles 40-850° C in hydrogen 
(ce) 1000 cycles 40-850° C in air 

(d) 1000 cycles 40-850° C in hydrogen 


Fig. 3—Preliminary experiments with medium-carbon 
steel x 5 
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White?’ has discussed the case of a very large 
brake drum which became red-hot when the brake 
band was applied to the outer surface, in spite of 
internal water cooling. He showed that the thermal 
strains far exceeded the elastic limit 


Railway Wheels 

The cracking of steel railway wheels due to the 
action of brake shoes on the rim has been investigated 
by Sidebottom.2® He concluded that very severe 
braking can produce a high local temperature and 
surface cracks, and subsequently when a lower brake 
pressure is applied for a longer period, as on a gradient, 
the cracks tend to propagate. Under the latter 
conditions the whole rim may attain a temperature of 
540°C. Repeated low-pressure braking tests only 
led to fracture when the rim contained an initial 
crack or notch. 

The formation of the initial crack in these wheels 
has been studied by Wetenkamp.?® He found that 
at least two applications of the brakes were required 
to produce cracks, and that the cracks occurred where 
one ‘hot spot’ overlapped another ‘hot spot,’ i.e. 
in the tempered zone. He then devised a test using an 
oxy-acetylene torch to reproduce this effect and found 
that the tendency to cracking increased with increas- 
ing carbon content and decreasing tempering time. 
The stress in the surface after hardening was 18-36 
tons/in? compression, whilst after tempering the 
values changed to 27-38 tons/in? tension. 


Grinding Cracks 

Surface cracks are often formed when brittle mater- 
ials are severely ground. It is probable that thermal 
stresses are the main cause of these grinding cracks 
but mechanical stresses must play a large part since 
the cracks usually run at right-angles to the direction 
of grinding. Tarasov*®® has discussed at some length 
the detection, causes, and prevention of cracking in 
ground surfaces, particularly in hardened steel, and 
he suggests that the susceptibility to cracking is 
increased by retained austenite, untempered marten- 
site, and grain-boundary cementite in steel. 


PRELIMINARY EXPERIMENTS 


After a few tests with different methods of heating 
it was decided that induction heating was the most 
convenient and versatile method. The high-frequency 
generator at first available had a rather inadequate 
power output, perhaps 7 kW, but it was decided to 
continue preliminary experiments using this genera- 
tor. 

In the first experiments a flat surface was heated 
using a spiral ‘pancake’ inductor (Fig. la). The 
efficiency of this type of coil is low and a steep tem- 
perature gradient could not be obtained. The effi- 
ciency of coupling is much better when a cylindrical 
object is to be heated, and specimens of this shape 
were then tested as in Vig. 1b. To control the tem- 
perature gradient and decrease the cooling time, the 
bore was cooled by a continuous water flow. Some 
tests were also carried out with larger cylindrical 
test-pieces which were reciprocated through the coil. 
All the cylindrical test-pieces could be heated to 
about 800° C, at which temperature equilibrium was 
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(a) Type B specimen x 5 
(b) Type C specimen x 5 
(c) Type D specimen x5 


(d) Type B specimen, transverse section < 10 
(e) Type B specimen, longitudinal section x 10 
(f) Type D specimen, longitudinal section x 10 


Fig. 4—Cracking produced with different types of specimen. 200 cycles 40-850° C in air, En. 25 steel 


attained. Attempts to increase this maximum 
temperature by altering the diameters of the test- 
piece and coil were not very successful, since when the 
wall thickness was increased to lower the rate of 
dissipation of heat to the bore, the surface area to be 
heated was increased. To concentrate the available 
power into a small volume of metal the test-piece 
and inductor shown in Fig. lc were then designed. 
This test-piece could be heated satisfactorily to about 
900°C in 3s but the thermal stresses set up were 
uniaxial. However, this was not altogether a dis- 
advantage since very effective restraint of the heated 
edge can be realized with this type of test-piece, 
whereas in the earlier test-pieces the surfaces were 
restrained to a lesser and unknown extent. Test-piece 
C was used in a number of preliminary experiments 
but the type of cracking produced did not bear 
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Fig. 5—Dimensions of test-piece 
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any obvious resemblance to ordinary craze-cracking, 
and since the heated layer was quite deep there was 
a tendency for the edge to buckle. This design was 



































foe 


- ae 
7 Ain INDUCTOR 
B 


TUFNOL INSULATION 





SIDE ELEVATION 


SECTION A-B 


NN prass LOCATING SCREWS 


BRAZED TO INDUCTOR 


Fig. 6— Arrangement of test-piece and inductor 
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Fig. 7—Maximum temperatures attained at different 
positions on steel test-piece 














modified by machining a flat 0-050 in. wide along the 
sharp edge and using the inductor shown in Fig. 1d. 
The copper shield kept the base of the test-piece cool. 
As satisfactory results were obtained, this form of 
test-piece and inductor was finally adopted. 

Some results obtained with the sharp-edge test- 
piece C are shown in Figs. 2 and 3. The first three of 
these illustrate the effect of the length of the edge that 
was heated. In Fig. 2a only the centre was heated, 
whilst Figs. 2b and c show the behaviour at ends and 
centre respectively when the full length was heated. 
It will be seen that the ends were drawn inwards, 
but this effect did not occur in materials more resist- 
ant to cracking, e.g. in plain carbon steel (Fig. 3). The 
fine network of black lines, which can be seen in all the 
photographs of specimens tested in air, is of cracks 
in the oxide layer. When a protective atmosphere 
was used the clean surfaces of the test-pieces showed 
evidence of severe deformation (Figs. 2d and 3d). 

A more suitable H.F. generator then became avail- 
able, and with this equipment it was possible to 
test the cylindrical specimens B and compare the 
results with the type C and D specimens. A Ni-Cr— 
Mo steel was used (B.S.En. 25: C 0-34%, Ni 2-54%, 
Cr 0:65%, Mo 0-60%) and the same thermal cycle 
was applied to each test-piece. Although the appear- 
ance of the test-pieces differed considerably (Figs. 4a— 
c), they were all severely cracked, and in each case 
the cracks penetrated almost to the full depth of the 
martensitic layer. There was some difference in the 
rate of cracking, type C being the fastest, followed by 
B, then D. 

The cylindrical specimen developed circumferential 
ridges (Fig. 4e) but all the deep cracks were longitud- 
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Fig. 8—Maximum temperature v. cross-sectional area 
assuming isotherms shown in Fig. 7b 
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inal (Fig. 4d). These ridges have appeared in all the 
cylindrical specimens tested, even when the specimen 
was reciprocated through the coil. In the earlier 
stages of a test nothing unusual could be seen, but 
later very slight ridges were noticed and at the same 
time it was observed that these were slightly hotter 
than the surrounding metal, since they were nearer 
to the inductor. Development then became rapid 
and the induced current became increasingly con- 
centrated in the ridges. The phenomenon could be 
initiated either by a slight concentration of induced 
current in these circumferential paths, or by slight 
rumpling due to thermal stresses. 

Comparing Figs. 4d and e shows that the thickness 
of the martensitic layer is not constant, owing to 
variations in the maximum surface temperature. In 
practice it is difficult to obtain a uniform temperature 
in the circumferential direction unless the cylinder is 
rotated. Uniformity in the longitudinal direction is 
also difficult to attain, but the arrangement B shown 
in Fig. 1 gave quite good results. 


PRESENT EXPERIMENTAL METHODS 


Test-Piece and Inductor 

A wedge-shaped test-piece, of dimensions shown in 
Fig. 5, is used. The narrow edge is intermittently 
heated whilst the bore is continuously water-cooled. 
The test-piece is designed to restrain thermal expans- 
ion in the direction of the edge and thus produce 
uniaxial strains which approach the maximum possible 
values. To this end, the edge is made narrow to 
minimize transverse strains, the length of the edge 
is made large compared with the depth of heating, 
while the cool base of the test-piece is made relatively 
massive. The bore is quite small and with reasonable 
water pressure a high-velocity stream is obtained which 
gives efficient cooling. 

The test-piece is located in a silver-plated copper jig 
fixed in relation to the inductor as shown in Fig. 6. 
The copper jig also acts as a low-resistance shunt for 
the induced current flowing around the test-piece, and 
in this way it prevents the base of the test-piece from 
becoming hot and considerably improves the effi- 
ciency of heating at the edge. 

Measurements have been taken of the temperature 
distribution along the edge of the test-piece and down 
one side. The results are plotted in Fig. 7. A speci- 
men of low-alloy steel was used and the temperature 
at the centre of the edge was cycled between 40° and 
850°C. The graphs show the maximum temperatures 
recorded at other positions. 





Fig. 9—Positions for photographing 
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A better picture of the restraining action of the 
base of the test-piece on the edge is provided by 
Fig. 8, in which temperature is plotted against cross- 
sectional area (measured from the edge to the assumed 
isotherms shown as broken lines in Fig. 7b). It can 
be shown from this that if no distortion or bending 
occurs in the test-piece, the overall expansion cf the 
test-piece would reduce thermal strains at the edge 
to about 94% of the maximum possible value. Slight 
bending and distortion at the ends must occur, but 
at the centre of the edge the restraint is probably 
better than 80% of the maximum. 

The progress of cracking is followed at a magnifica- 
tion of x 20, using parts from a travelling micro- 
scope fitted with a graduated eyepiece to enable the 
depths of the cracks to be measured. 

For tests in controlled atmospheres the test-piece 
and inductor assembly are enclosed in a Perspex box, 
sealed by soft rubber gaskets to detachable end plates. 
The thermocouple leads and the water, gas, and H.F. 
current are brought in and out of the box through 
gas-tight connections in these plates. Microscope 
observations are made through a thin glass window 
in the wall of the chamber. Before using a special 
atmosphere the apparatus is purged by a volume of 
gas equal to about 80 times the volume of the cham- 
ber. 

At the completion of a test the edge of the specimen 
is usually photographed (Fig. 9a). A piece of the 
specimen is then cut out and mounted in Bakelite. 
The surface is ground to a depth of 0-025 in. (Fig. 9b) 
and the ground face polished, etched, and photo- 
graphed. 


High-frequency Heating 


A standard H.F. generator with a maximum power 
output of 25 kW and a frequency of about 500 ke/s is 
used. The output is taken from a H.F. transformer 
which suitably reduces the voltage and increases 
the current to enable the single-turn inductor to be 
used. Switching the H.F. supply is achieved by grid 
voltage control of the thyratron rectifying valves. This 
method is particularly quiet and consistent and is 
very suitable for this work. The power output is 
smoothly variable from zero to 25 kW. 

The on-off cycle is controlled by two process 
timers which have been built into a separate unit: 
one is arranged to control the oN period and has a 
range of 0-10 s; the other controls the orr period 
and can be varied from 0 to 30s. The timers do not 
require resetting after each cycle and the sequence 
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Fig. 10—Temperature measurement circuit 
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Fig. 11—Time/temperature records, En. 25 steel, (a) 
cycle 850-30°C; (6b) cycle 850-370° C 


is therefore automatic. A solenoid-operated counter 
which indicates the number of cycles has also been 
incorporated. 


Temperature Measurement 


Standard chromel/alumel thermocouples are used. 
The diameter of the wires is 0-012 in. and each wire 
is spot-welded to the test-piece; the welds are made 
near the centre of the edge of the test-piece, but at 
positions about 0-1 in. apart. 

It is possible for the welded junctions to be either 
hotter or colder than the surrounding surface, 
owing to induced currents in the first case or to 
thermal conduction along the wire in the second. 
Induced currents tend to make the junction too hot 
if the welded junction is large, especially if it is 
elongated in the direction of current flow (along the 
edge), whilst thermal conduction in the wire can make 
the junction temperature too low if the wire is too 
heavy or if the area of the weld is small in relation to 
the cross-sectional area of the wire. To avoid these 
opposing tendencies as far as possible, the ends of the 
wire are reduced in diameter before welding, and the 
wires are led away at right-angles to the edge of the 
test piece. 

A more serious error can arise in oxidizing atmo- 
spheres owing to gradual penetration of oxide into 
the welded junction. The area of contact can be 
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greatly reduced and the temperature of the junction 
then falls owing to eonduction of heat to the relatively 
large cold wire. The electrical resistance of the thermo- 
couples and leads is normally about 4Q, and does 
not alter appreciably until the weld is on the point of 
breaking. The gradual oxidation of the welded 
junction could lead to errors of 50° C or more, and to 


ae ta 
ia 


Hit 





(a) Armco iron C 0-021% 


(b) C0-32% 
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avoid this the junctions are re-welded whenever 
the indicated temperature starts to fall unexpectedly, 
or in any case of doubt. 

A galvanometer combining adequate sensitivity 
with the short periodic time of 0-05 s is used to 
indicate the temperature. The lamp, scale, and gal- 
vanometer have been built into a wooden box and a 





(e) C0-81% 
(f) C0-90% 
(g) C0-99% 


Fig. 12—Effect of carbon content on plain carbon steels, 400 cycles 40-850° C in air, A: surface x 5, 
B: section x 10 
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Fig. 13—Armco iron, 400 cycles 40-1000° C in argon, C 0-021°,; (a) surface « 5; (6) section x 10 


H.F. filter has been incorporated in the circuit (Fig. 
10). The filter is a simple parallel resonant circuit 
which, when tuned to oscillate at the frequency of the 
generator, presents a large impedance to currents of 
this frequency. This type of filter is well-known and 
has been previously used in thermocouple circuits by 
Cottrell et al.*! The filter was tuned as suggested by 
these authors, using a crystal valve rectifier and 
d.c. milliammeter in a mock thermocouple circuit. 
AH.F. current of over 30 mA was reduced to less than 
1 mA when the filter was put in the circuit and tuned. 
H.F. currents do not affect the galvanometer reading 
but without a filter they could become large enough 
to overheat the galvanometer coil when the maximum 
output of the generator is used. 

The heating time of the test-piece is standardized 
at 1-3 s, whilst the cooling time is varied to obtain 
the required minimum temperature in the cycle. 
The rate of heating is very rapid at first but then 
slows down so considerably that any error due to 
galvanometer lag is negligible. 

Some time/temperature records have been taken 
using a d.c. amplifier and extra-high-speed recorder. 
These graphs (Figs. lla and 4) indicate a heating 
rate of about 1000° C/s at the beginning of the cycle, 
and since the response time for full-scale deflection 
is about 0-2 s, this figure will be an underestimate. 
There is no evidence of the Ac, and Ac, phase trans- 
formations in Fig. 11, but the martensite transforma- 
tion on cooling is indicated by a slight inflexion. In 
Fig. 116, the surface of the specimen is in the aus- 
tenitic condition throughout the cycle. 


SOME EXPERIMENTAL RESULTS 

Attention so far has been mainly directed to the 
behaviour of low-alloy steels, using maximum tem- 
peratures in the cycle which exceed the Ac, tempera- 
ture. The surface then undergoes the ferrite — austen- 
ite transformation on heating, but the rate of subse- 
quent cooling is so fast that the reverse transformation 
is suppressed until the temperature reaches the M, 
point. The cracks are not very sharp and they do 
not propagate through the interface between the 
transformed surface layer and the underlying metal. 
This is mainly a feature of the method of heating; 
the transformed layer always increases in depth when 
the cracks propagate since the induced currents are 
compelled to flow beneath the cracks. 

Several series of alloy steels, all containing 0-35% 
carbon, have been tested using the thermal cycle 
40-850° C, and it has been found that separate 
additions of manganese, nickel, chromium, and molyb- 
denum all increased the tendency to cracking, whereas 
vanadium (up to 0-3%), silicon, and cobalt, did not. 
In another series of steels containing 0-32-0-99% 
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carbon and 0-6% manganese, it was found that the 
tendency to cracking increased with the carbon 
content. Some results with this series of carbon steels 
are shown in Figs. 12a—f. A specimen of Armco iron is 
shown for comparison in Fig. 12a. 

Armco iron behaves in an unusual way when 
maximum temperatures above 900°C (the Ac, 
point) are used. Surface shear markings appear which 
resemble Liiders bands, and these progressively 
develop into deep grooves as shown in Fig. 13. The 
effect of the maximum temperature in the cycle on 
the rate of cracking in various steels is illustrated in 
Fig. 14. The subsequent graphs (Fig. 15) were 
prepared from these results and show the effect of 
temperature more clearly. The minimum temperature 
in the cycle was 40°C in these tests and an atmo- 
sphere of argon was used. In the case of the 0-34% 
carbon steel the greatest rate of cracking occurred 
with a maximum cycle temperature of 1000° C, 
the rate of cracking falling off greatly at higher and 
lower temperatures. With increasing carbon content 
the rate of cracking increases at all temperatures 
above 800°C and the form of the curves changes 
progressively in a way that is more easily seen than 
described. Alloying elements other than carbon also 
change the form of the curves and the En. 25 steel 
(0-34% C, 2-54% Ni, 0-65°% Cr, 0-60° Mo) behaved 
in some respects like the high-carbon steels. 

Photographs of some of the specimens used in these 
tests are shown in Figs. 16-18; the results were not as 
straightforward as the graphs suggest. With maxi- 
mum temperatures of 1000° C or more, the higher- 
carbon steels underwent complex surface distortion 
which bore little resemblance to normal cracking. 
The examples shown in Figs. 17a and b are quite 
characteristic of the two steels. A complete series of 
test-pieces of the En. 25 steel is shown in Figs. 18a-e, 
and a further test-piece has been included to illustrate 
the marked change in the type of cracking obtained 
when the Ac, temperature is not exceeded (Fig. 1S8f). 
The bridging effect at the highest maximum tempera- 
tures is associated with the method of heating; in 
Fig. 18a these bridges were conducting much of the 
induced current and their temperature anproached 
the melting point of the steel. The cracks then propa- 
gated inwards from the sides of the test-piece to give 
the effect shown. (The rate of cracking in these tests 
on En. 25 was slightly smaller than in other experi- 
ments on similar material, e.g. Fig. 4f. This may be 
due to differences in the atmosphere used, or the 
amount of deformation in rolling, etc.). 

The flow lines which result from rolling can fre- 
quently be revealed by etching in Stead’s reagent or 
Oberhoffer’s reagent, and some insight into the 
cracking mechanism can be obtained in this way. 
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Some examples are shown in Figs. 19a-f, and it is 
evident from some of these photographs that the 
surface layers undergo severe plastic deformation and 
gradually become corrugated with increasing cycling 
until cracks eventually develop from the deeper valleys. 
This suggests that stress-concentration plays an 
important part in the development of the cracks, 


and in fact it has been found that when transverse 
notches are cut into the surface, the rate of cracking 
is greatly accelerated even when the notch is only 
a few thousandths of an inch in depth. 

The minimum temperature in the cycle, provided 
it is below the Mr temperature, has little effect on 
the results; when the minimum temperature is above 




































































2:0 
(a) (b) 
lOOO0°C 
I 100°C 
IO weet | 
goo°Cc 
850°C 
ISO°C rn 
E 
E 
a 800°C 800°C 
ae 1150 | 
= x 200 600 O 200 600 
D4 
U 2:0 r 
200°C |! / 
a hoorc ‘uae, | 
val 1IOO0°C l900°C 
900°C 800°C 
(c) (d) HOOPC 
Ke) 
/ 1200°C 
/ | 
! 750°C 
800°C 
“gaa 
V, 
1 ras 
O 200 600 O 200 600 


NUMBER OF CYCLES 


(a) 0.34% carbon steel 
(b) 0-89% carbon steel 


(c) 1-24% carbon steel 
(d) Ni-Cr-Mo steel En. 25 


Fig. 14—Infiuence of maximum temperature and no. of cycles on depth of cracks. Test-pieces 
cycled between temperatures shown and 40°C, in argon 
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the Mr temperature the surface layers are maintained 
in the austenitic condition throughout the cycle and 
the rate of cracking decreases very suddenly. This 
effect is illustrated by comparing Figs. 20a—c in the 
case of an En. 25 steel and Figs. 20d-/ in the case of 
an 0-89% carbon steel. Surface rumpling is also 
almost completely eliminated under these conditions 


(Fig. 19d) and the question arises whether the reduc- 
tion in cracking is largely due to this, or whether the 
resistance to cracking is inherently improved. How- 
ever, it was found that sharp cracks were rapidly 
produced when a notched test-piece was used, which 
suggests that surface rumpling is again the important 
factor. 
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(a) 0-34% carbon steel 
(b) 0-89% carbon steel 


(c) 1-°24% carbon stee 
(d) Ni-Cr-Mo steel En. 25 


Fig. 15—Influence of maximum temperature and number of cycles on depth of cracks, in argon 
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(b) 750 cycles, 40-1000 C? 


(a) 1050 eycles, 40-1150 C° 
(ec) 1600 cycles, 40-800 C° 


Fig. 16—Effect of maximum temperature in cycle, 
0.34%, carbon steel, in argon; (a) 1050 cycles, 
40-1150° C; (6) 750 cycles, 40-1000° C; (c) 1600 cycles, 

40-800° C x 5 

When temperatures above 900° C are used, a pro- 
tective atmosphere is necessary to avoid excessive 
scaling. A few tests have been carried out on the 
influence of various atmospheres, and the results 
suggest that the nature of the atmosphere does not 
have a marked effect on the rate of cracking. How- 
ever it has been previously mentioned that in oxidiz- 
ing atmospheres a fine network of cracks develops 
in the brittlescale (Figs. 3a-c). The metal surface is 
oxidized more rapidly beneath these cracks than in 
positions shielded by scale, and hence the pattern is 
reproduced on the metal surface (Fig. 22). 

As might be expected, the previous heat-treatment 
has little effect on the results when the maximum 
cycle temperature exceeds the Ac, point. On the 
other hand, the direction of rolling has a big effect. 
The test-pieces are usually machined from rolled bar 
with the direction of rolling parallel to the edge; 
when the direction of rolling is made normal to the 
edge the rate of cracking is increased and sharper 
cracks are obtained. It follows that the amount of 
deformation in rolling or forging must also affect the 
rate of cracking. 

Since very little is known about craze-cracking, a 
good deal of exploratory work has been necessary and 
the experiments with lower maximum temperatures 
(in which no phase change takes place in each cycle) 
are still in this stage. However, results obtained so 
far are quite interesting since no rumpling of the 
surface occurs, and perhaps as a consequence the 
cracks are quite sharp. The behaviour of Armco 
iron, using the thermal cycle 40—700° C is illustrated 
in Fig. 2la. At a higher magnification the cracks 
were seen to be branching, lined with oxide, and fre- 
quently intercrystalline (Fig. 24a), while the crystals 
near the surface showed a marked sub-boundary 
structure (Figs. 24bandc). When the same thermal 
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cycle was used with a mild-steel specimen, fairly 
straight transcrystalline cracks were found (Figs. 
216 and 23). Similar cracks were obtained by Radeker 
in his repeated quenching experiments on low carbon 
steels. 

A hardened and tempered En. 25 steel has been 
used in a number of preliminary experiments. The 
rate of cracking and the total number of cracks 
decreased quite rapidly when the maximum tempera- 
ture was reduced from 700° to 600° C (Figs. 21¢ and d), 
and transcrystalline oxide-lined cracks were again 
found (Figs. 26a and 6). When a hydrogen atmosphere 
was used the cracks showed some tendency to follow 
shear planes (Figs. 2le and f) and the number of cracks 
was also reduced, although the number of cycles 
to give the first evidence of a crack (when examined 
at a magnification of x20) was not very different. 
Typical cracks shown in Figs. 27a and 6 are very 
sharp, but still transcrystalline. 

In oxidizing atmospheres, cracks are sometimes 
found which are completely filled with oxide as in 
Fig. 23. It seems probable that these cracks have 
ceased to propagate, or are propagating very slowly. 
During the test the more pronounced cracks can be 
seen to close in the heating stage of the cycle, and 
open on cooling, and it is clear that the oxide cannot 
fill these cracks completely. Progressive oxidation 
of the walls of the cracks must occur, and this oxide 
will tend to give a wedge action on heating. 

Stress concentration is as important in these 
tests as it is at higher temperatures; very shallow 
notches (e.g. 0-001 in. deep) greatly accelerate the 
initiation of cracking. Unfortunately the welded 
thermocouple junctions cause slight stress concentra- 
tion and the first cracks usually start from points 
adjacent to the welds. However, the results can be 
reproduced quite satisfactorily in most of the steels 
used. 

Some tests have been carried out on a few high- 
temperature alloys and experiments on various cast 
irons started in connection with the craze-cracking of 
ingot moulds. The importance of the notch effect is 
emphasized by the behaviour of cast irons containing 
flake graphite. A high-duty pearlitic iron produced 
cracks after about 5 cycles when high maximum 





Fig. 17—Behaviour of high-carbon steels at high tem- 
peratures, 400 cycles, in argon (a) 1.24% carbon, 
40-1100° C; (6) 0.89% carbon, 40-1000° C xd 
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(a) 40-1200° C (d) 40-900° ¢ 
(b) 40-1100° C (e) 40-800° ¢ 
(c) 40-1000° C (f) 40-700° ¢ 


Fig. 18—Effect of maximum temperature in cycle, En. 25 steel, 400 cycles, (a)-(e) in argon, (f) in air. 
A: surface x 5, B: section x 10 
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(a) En. 25 stee 200 cycles 40—1000° C 
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(c) En. 25 steel 200 cycles 40-850° C x 20 (d) En. 25 steel 200 cycles 300-850° C x 20 





(e 5% nickel steel, 200 cycles 40-850° C x 30 (f) 0-26°% molybdenum steel 400 cycles 40-850°C x30 


Fig. 19—Plastic deformation near surface ; sections etched in copper reagents 
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temperatures were used, and even with a maximum 
temperature of 600°C, cracks were formed in 100 
cycles. When the minimum temperature in the cycle 
was increased the rate of cracking was only slightly 
reduced, thus the cycle 500—1000° C gave more rapid 
cracking than the cycle 40-600° C, although the 
temperature range was greater in the latter case. 
Nodular iron free from graphite flakes was much 
more resistant to cracking. 
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DISCUSSION 

Some knowledge of the stress/strain cycle which the 
surface undergoes during heating and cooling is a 
first requirement in attempting to understand the 
mechanism of craze-cracking. The stress/strain cycles 
cannot be measured directly but they may be con- 
structed if some simplifying assumptions are made, 
using a type of diagram which is due to Mickel.!9 
For this purpose it is necessary to know the variation 
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(d) 40-850 C 





(e) 150-850° C 
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(f) 250-850° C 


Fig. 20—Effect of minimum temperature in cycle, (a)-(c) En: 25 steel, 200 cycles in air, (d)-(f) 09-89% 


C steel, 400 cycles in air, 
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A: surface x 5, B: 


section x 10 
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with temperature of the elastic modulus, yield stress, these conditions, containing C 0-31%, Cr 3:3%, 
and thermal expansion, both for heating and rapid Mo 0-53%, and C 0°31%, Ni 2:96%, Cr 0-64%, 


cooling. 


Mo 0:39%, respectively. Some of their results using 


The mechanical properties of steels during rapid the former steel have been replotted in Fig. 28, and 


cooling in the austenitic condition were completely 


_show the variation of yield stress during repeated 


unexplored until recently, when Kenneford and slow heating and rapid cooling. The broken line 
Williams*? reported the behaviour of two steels under _ represents the first heating, starting with the steel in 


PEey F 


(c) En. 25 1700 cycles, 40-700° C in air 








(d) En. 25 4000 cycles 40-600° C in air 





(f) En. 25 5000 cycles 40-600° C in hydrogen 


Fig. 21—Behaviour of steels using low maximum temperatures; A: surface x 5, 
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: Fig. 22—Oxide cracks in 0-56°, nickel steel, 200 cycles, 
' 40-850 C in air x 200 
the hardened and tempered condition. Kenneford 
and Williams also gave a dilatometer record for the 
same steel under similar heating and cooling condi- 
tions, which has been replotted in Fig. 29. 
These two graphs provide all necessary data except 
the variation of Young’s modulus with temperature. 
For this relationship the curve shown in Fig. 30, which 
is mainly based on results by Roberts*? and Tapsell,*4 
F has been used. Rather higher values have been given 
B 
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Fig. 23—Mild steel], 1000 cycles 40-700 C in air 400 


by other workers,*® ** using dynamic methods of 
measurement and some of these results are also shown 
in Fig. 30. This difference is not due to the time factor 
in measurement, since Harris and Watkins*® found 
little difference between ‘static’ and ‘dynamic’ 
moduli, but it may be due to the magnitude of the 
stresses employed. Probably the upper curves repre- 
sent the true elastic moduli, measured at relatively 
small stresses, whilst larger stresses were used in 





Fig. 24—(a) Armco iron 1000 cycles 40-700° C in 
air x 400; (b) near surface 1500; (c) greater 
depth x 1500 
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Fig. 25—Surface cracks in En. 25 steel test-piece after 
4000 cycles 40-550° C in hydrogen x 800 


determining the lower curves and slight reversible 
creep may have occurred. In this case the lower curves 
would be more useful for the present purpose. 


Stress /strain Cycles in a Biaxial System 
The condition in a heated surface layer are con- 
sidered and it is assumed that no movement is 
possible in the plane of the surface, owing to the 
constraint of the cool metal beneath. This will be the 
case, for instance, if one surface of a slab is heated, 
the dimensions (length, breadth, and thickness) of the 
slab being large compared with the depth of heating. 
The stress/strain diagram representing cyclic heat- 
ing between 20° and 1000°C is shown in Fig. 3la. 
The curve starts at the origin, which represents the 
state of stress and strain in the hardened and tem- 
pered Cr—Mo steel at 20°C. When the surface is 
heated, equal principal stresses are set up and the 
elastic strain ¢’ in any surface direction is given by 
e=e’ —e'/m = €(m-1)/M ......00.00000¢ (1) 
where 1/m is Poisson’s ratio and e is the linear thermal 
expansion per unit length between 20°C and the 
temperature in question, obtained from the dilato- 
meter record. The stress o is found from the elastic 
strain and Young’s modulus at that temperature. 


At 280° C the elastic stress on the surface reaches. 
the yield stress (52 tons/in? at this temperature) and 
from 280° to 790° C the steel deforms plastically, the 
compressive stress at any temperature being the 
yield stress at that temperature. The yield-stress 
under these conditions is equal to the yield-stress in 
uniaxial compression, according to the von Mises 
criterion of flow. 

Between 790° and 810° C the contraction due to the 
ferrite austenite phase change takes place, reversing 
the stress, and the contraction is large enough to 
cause plastic flow in tension. Subsequent heating to 
1000° C causes further strain in compression. On 
cooling from 1000°C the yield stress in tension is 
soon reached and plastic flow takes place until at the 
M, temperature of 300° C the martensite expansion 
begins and put the surface into elastic compression. 
This expansion ceases at 100° C and a slight reversal 
occurs until at 20° C the surface is left under a residual 
compression of 46 tons/in®?. The martensite trans- 
formation increases the strength of the steel and on 
subsequent reheating, plastic flow does not occur until 
the relatively high stress of 86 tons/in? is reached at 
290° C. The martensite is progressively tempered by 
further heating until at 790° C the curve joins its pre- 
decessor. 

The diagram obtained when the surface is heated 
to 1000° C and then cycled between 100° and 350° C, 
is shown in Fig 32a. I-1 this case the steel is maintained 
in the austenitic condition and the yield stress is at 
all times very low. ‘The residual stress on finally 
cooling down to 20° C would again be — 46 tons/in?. 
Similarly, Fig. 33a represents the stress/strain dia- 
gram for the cycle 20-600° C. The surface is always 
ferritic and the residual stress at 20° C is now equal 
to the yield stress in tension (58 tons/in?). 

The fundamental equations used in drawing these 
curves are 


ene (" st) +e"(™ =) sessseeneel®) 
m m 
Oe Fe 2 lara (J 
o=e’ + £... SE EEE (5 


where 1/m’ is Poisson’s ratio for elastic strain (the 
value used was 0-3), and 1/m” is Poisson’s ratio for 


plastic strain (0-5). In the elastic parts of the curves, 





Fig. 26—E. 25 steel, in air; (a) 4000 cycles 40-600° C; (6) 1700 cycles 40-700° C x 800 
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Fig. 27—En. 25 steel in hydrogen; (a) 5000 cycles 40-600 C; (6) 1000 cycles 40-700° C x 800 


the plastic strain «’’ is constant and known and hence 
the elastic strain «’ can be found from equation (3), 
and from this the stress o and total strain «. In 
plastic regions the stress o equals the yield stress Y, 
and the elastic strain e’ = Y/E, thus e’’ and hence ¢ 
can be found. 

Stress /strain Cycles in a Uniaxial System 

In this case it is assumed that a long and narrow 
surface is completely constrained in the longitudinal 
direction by the cool underlying metal, but is free 
to move in the plane normal to this direction. It 
is also assumed that buckling is prevented, i.e. 
the width of the surface must not be too small 
compared with the depth of heating. 

Construction of the stress/strain curves is greatly 
simplified in these circumstances since e = € = €’ + 
e’’. Diagrams for the thermal cycles 20—1000° C, 
350-1000° C, and 20-650° C are shown in Figs. 316, 
326, and 33b. 

Comparison of these graphs with the biaxial stress 
graphs reveals a number of points of interest. In all 
cases the total plastic strain is much smaller and the 
residual stresses at 20° C are also much smaller. The 
temperatures at which yielding occurs on heating are 
higher and the phase transformation at 790-810° C in 
Fig. 316 causes only an elastic reversal of stress, 
whereas plastic flow occurs in Fig. 31a. 


Progressive Changes in the Stress/strain Cycle 
A number of approximations are involved in the 
derivation of these cycles. It is assumed that the 
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Fig. 28—Variation of 0.5% proof stress during heating 
and rapid cooling, Cr—Mo steel (after Kenneford 
and Williams) 


DECEMBER, 1956 


steel behaves elastically until the yield stress is 
attained (actualiy the 0-5% proof stress) when 
plastic flow occurs without strain hardening. It is 
also assumed that the properties in tension and com- 
pression are identical, i.e. the Bauschinger effect is 
neglected. It is clear that the discontinuities in the 
curves which correspond to the change from elastic 
to plastic straining would be smoothed out in practice. 
However, these approximations should not introduce 
major errors when high maximum temperatures are 
used, especially when phase changes occur in the 
cycle. Under these conditions the material is effect- 
ively annealed in each cycle, progressive work- 
hardening cannot then be expected and phase changes 
would also be expected to prevent the normal opera- 
tion of the Bauschinger effect. 

In the uniaxial case the stresses in the thermal cycle 
could be measured directly by the technique used by 
Coffin and Wesley’ and these uncertainties would 
then be avoided. Coffin® ® has so far only given data 
on the stress range Ao in the cycle and not on the 
actual stresses, but his results provide some interesting 
information on progressive work-hardening when the 
maximum temperature is fairly low (600°C or less 
in these experiments on stainless steel). In the an- 
nealed condition the steel strain-hardened slowly 
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Fig. 29—Variation of length with temperature during 
heating and rapid cooling, Cr—Mo steel (after Kenne- 
ford and Williams) 
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during testing; for example, the thermal cycle 
600-100° C gave a stress change of 31 tons/in? per 
cycle after 20 cycles, increasing to 36 tons/in? after 
1000 cycles (cracking occurred after about 2000 
cycles). On the other hand when the steel was initially 
cold-worked, thermal cycling produced an equally 
gradual strain-softening. This phenomenon has also 
been found by Polakowski and Palchoudhuri.*’ 

It is apparent therefore, that the stress/strain 
cycles shown in Figs. 33a and b for the temperature 
range of 20-600° C can only represent the conditions 
at the beginning of thermal cycling. 

It has been pointed out that in Fig. 336 there is no 
hysteresis after the first cycle. However, it was found 
that a wedge-form test-piece of a similar steel, given 
the thermal cycle 40-600°C, produced marked 
cracking in only 3000 cycles. The reason for this ap- 
parent anomaly may lie in the phenomenon of creep 
or stress-relaxation. At temperatures near 600° C 
the compressive stress in the steel will tend to dimin- 
ish by creep, and although the time of heating in 
these experiments was very short this mechanism 
could become important as the number of cycles 
increases. The compressive stress at the maximum 
temperature in the cycle would then be appreciably 
reduced, with a corresponding increase in the tensile 
stresses on cooling, and the tendency to cracking 
would then increase. 

A similar process has been postulated by Coffin. 
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In his experiments the test-piece was clamped at the 
maximum temperature in the cycle and to some extent 
experiments simulated repeated quenching conditions. 


Repeated Quenching 

One difference between cooling the surface of a hot 
specimen and heating the surface of a cold specimen 
is that the former produces surface tensile stresses 
whilst the latter gives rise to compression. But 
after the first cycle there would be no difference 
between the stress/strain hysteresis loops, provided 
that other things such as the surface restraint and 
rates of heating and cooling are similar. This is 
illustrated in Fig. 34a and 6. Alternatively, when 
the temperature range is reduced until no plastic 
flow occurs after the first cycle, repeated quenching 
gives much greater tensile stresses than repeated 
heating (Fig. 34c and d), and the fatigue life would 
be correspondingly shorter under these conditions. 

The rapid cracking obtained by Coffin‘-* in his 
thermal fatigue experiments and Radeker® in his 
quench-cracking experiments is mainly due to other 
factors. Coffin used an annealed austenitic stainless 
steel which has a low elastic limit and a high coeffi- 
cient of thermal expansion. Radeker used low-carbon 
steels with yield points of about 20 tons/in? at 20° C, 
and his test-piece would give approximately biaxial 
stress conditions near the bore. 

Effective restraint of the surface is rather difficult 
to achieve when a hot specimen is quenched, since 
the yield strength of the surface metal is greater than 
that of the underlying metal and consequently plastic 
flow tends to take place in the underlying metal. 
In low-alloy steels the yield stress falls to very low 
values at temperatures over 600° C, and in repeated 
quenching tests from 600° and 700°C Radeker 
obtained a very marked contraction of the bore of 
the test-pieces, which can be explained in this way. 
Influence of Material Variables 

If the stress/strain hysteresis loop could be elim- 
inated, the resistance to craze-cracking should be 
greatly increased. This could always be achieved in 
principle (if not in practice) by reducing the difference 
between the maximum and minimum temperatures in 
the cycle, or by using material with a higher yield stress, 
or smaller Young’s modulus and coefficient of thermal 
expansion. The effect of these variables on a hypo- 
thetical stress/strain cycle is illustrated in Fig. 35. 
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stress 


The elastic moduli of steels are only slightly affected 
by the addition of various alloying elements, as 
shown by Clark,** although the coefficient of thermal 
expansion can be reduced by adding chromium or 
tungsten. The yield strength of steel is perhaps the 
most easily controlled material variable but unless 
plastic deformation can be prevented there may be 
no advantage in raising the strength at the expense of 
ductility. This point is emphasized by Coffin’s 
experiments® on the effect of prior cold work on 
resistance to thermal fatigue. He found that prior 
cold work in either tension or torsion decreased the 
number of cycles to failure when the temperature 
range was large but tended to increase the life when 
the temperature range was small. 

The various metallic elements present a considerable 
range of properties, but a low coefficient of thermal 
expansion is usually accompanied by a high elastic 
modulus and vice versa. However, the product of these 
constants represents the stress produced if the metal 
is restrained in one direction then heated through 
1° C, and is thus a useful factor of merit. Some of the 
physical properties of the more common metals are 
given in Table I, and the elements have been put into 
descending order according to this factor. Many other 
factors such as phase changes, strength, ductility, 


Table I 


SOME ROOM-TEMPERATURE PROPERTIES OF 
THE MORE COMMON METALS 


(Metals Handbook, A.S.M., 1948) 

















r 
| Thermal 
Coefficient of | Young’s | | ‘Gaaurtie. | 
Element ae... —— ltbiiet?> cl cntons) Ea/K 
x 10-4/°C 10° Ib/in* | cm/°C/s 
1 ! 
| | | 
Pb 29.3 2-6 76 | 0-083 | 916 
Sn | 23 | 6 | 138 | 0-16 | 862 
(| 8-5 | 16-8 | 143 (0-04) | (5700) 
Mg 26 |; 6-5 169 0-38 | 445 
WwW 4-3 50 215 0-48 448 
ae | 49-7 11 217 1-0 217 
Cr 6-2 36 223 0-16 1390 
Al 23-9 10 239 0-53 451 
Mo 4.9 50 245 0-35 700 
Cu 16-5 16 264 0.94 | 281 
Fe 11-7 28-5 334 0-18 | 1850 
Co 12-3 | 30 369 0-165 | 2240 
Ni 13-3 30 399 0-22 | 1810 
Mn 22 23 506 ~- — 
Zn 39-7 (14) (556) 0-27 | (2060) 
| ' 
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and melting point must obviously be taken into ac- 
count, and tin and lead can be eliminated at once. 
Iron occupies a lowly place in this table; many other 
metals have markedly better factors, including titan- 
ium, magnesium, tungsten, silver, chromium, alum- 
inium, molybdenum, and copper. 

Most of these metals also have a higher thermal 
conductivity than iron. The thermal conductivity has 
so far been neglected, as it is assumed that a given 
temperature cycle is imposed on the surface whilst 
the large underlying mass is kept cold. In practice, 
the maximum temperature in the cycle will usually be 
less with a material such as copper than with for 
example, iron. The influence of conductivity K 
(and other thermal properties) on thermal stresses 
depends on the circumstances and these can vary 
so greatly that no thermal shock parameter is likely to 
find general application, although the expression 
Ea/K is said to be proportional to stress under some 
conditions and has found some favour.*® 


Surface Rumpling or Corrugation 

In steel specimens where a complete phase change 
occurs in each cycle the surface usually becomes 
severely distorted and gives a corrugated or rumpled 
appearance. 

This rumpling is clearly a result of non-uniform 
deformation, and could be closely related to the 
phenomenon of necking in a tensile test. Necking 
will only occur in a tensile test when the rate of strain 
hardening do/de falls to less than the (true) stress o, 
and this condition is not normally attained until 
considerable plastic flow has taken place. The thermal 
cycle 40-850° C gives a plastic strain of about 1-2° in 
compression during heating and the same amount in 
tension during cooling. Since there is a phase change 
during heating and cooling there would be no cumu- 
lative strain hardening and this strain of 1-2°{ would 
be too small to start the rumpling process unless the 
rate of work hardening was very small. This suggests 
almost viscous behaviour. 

Some experiments were carried out which confirm 
that rumpling can easily be produced in viscous 
materials. An even layer of grease was smeared on 
the surface of a soft rubber strip and the rubber was 
then alternately stretched and allowed to relax. 
Stretching in one direction produced the rumpling 
shown in Fig. 36a, whilst stretching in two directions 
normal to each other, gave the pebbled appearance 
in Fig. 366. Grease containing zinc oxide was used 
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because it was easy to photograph, but similar results 
were obtained with petroleum jelly and with a thick 
rubber solution. 

In steel compositions giving rise to phase changes, 
rumpling occurs when the thermal cycle includes the 
phase change. For instance, with the En. 25 steel the 
cycle 200-850° C gave rumpling whereas 300-850° 
or 40-700° C did not. This does not necessarily rule 
out the ‘viscous’ explanation but it suggests an 
alternative explanation that rumpling may result 
from non-uniform phase transformation. The amount 
of transformation depends upon time and temperature 





and (at least in the case of the austenite to martensite 
transformation) the stress. The amount of transforma- 
tion also influences the temperature, the stress, and 
the yield stress. In these complex circumstances 
various mechanisms could be postulated that would 
lead to non-uniform flow. 

It is not certain whether the rumpling is associated 
with the ferrite to austenite transformation on heating 
or with the austenite to martensite transformation 
on cooling. In experiments with a number of series of 
alloy steels no correlation was found between the 
tendency to rumpling and the volume change during 
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the ferrite to austenite transformation, or the Ac, 
temperature, or the M; temperature. The volume 
change during the austenite to martensite transforma- 
tion depends on all three of these factors and the 
data are not yet available. 


Surface Cracking 


In brittle materials which show no plasticity and 
have a definite breaking stress, the problem of thermal 
cracking is amenable to mathematical treatment, and 
in simple cases the conditions that will produce 
cracking can be exactly predicted, as shown by 
Manson.*?® 

Fracture in ductile materials is far more complex 
since there is no satisfactory criterion for failure 
even under the simplest conditions. When a phase- 
change occurs in every cycle, progressive strain- 
hardening is impossible and cracking cannot occur 
by a fatigue mechanism. From the tests on low- 
alloy steels it appears that strain concentration pro- 
duced by either rumpling or a notch is necessary to 
start cracking. Cracking is accompanied by wide- 
spread plastic flow and is perhaps analogous to 
‘ ductile fracture ’ in a notched-bend test. 

When there is no phase change in the cycle, craze- 
cracking is closely related to fatigue, but differs 
from normal fatigue in that the temperature varies 
with the applied strain. 

Head” has recently developed a theory concerning 
the rate of propagation of fatigue cracks. According 
to this, if d is the crack depth, then d-? should be a 
linear function of the number of cycles. Experimental 
evidence was put forward which supports this relation- 
ship and suggests that a crack of the order of 10~° in. 
deep is formed in the early stages of a fatigue test. 
Propagation then takes place at an ever increasing 
rate, but the greater part of the life of the test-piece 
is spent in enlarging this crack to 10~? in., after which 
the rate of cracking rapidly becomes catastrophic. 

The initial propagation of cracks in the present 
test may well follow the same relationship; however, 
as the crack deepens, the temperature and thus the 
strain per cycle decreases. The latter effect must 
eventually predominate and cause the rate of cracking 
to decrease. 
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Correspondence on the Paper— 


The Structural Iron of the Parthenon* 
By C. Js LIVADEFS 


Dr. R. Haynes wrote: The author has presented an 
extremely interesting paper on the structural iron of the 
Parthenon and the metallurgy of iron in Greece during 
the period in which it was built. 

Commenting on. a quotation from Theophrastus’s 
History of Stones, the author says “‘ This establishes the 
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addition of stones (probably pyritic) to segregate the 
slag.”” However, in the report on his experimental 
investigation, he reports sulphur contents for the irons 
ranging from 0:006% to 0-016%, the majority of the 





* J. Iron Steel Inst., 1956, vol. 182, Jan., pp. 49-66. 
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results being nearer the lower value. These particular 
results appear to be inconsistent with the suggestion that 
a pyritic flux was used, for it seems likely that a pyritic 
flux would lead to considerably greater sulphur contents 
than those observed. Indeed, it is interesting to note 
that the sulphur contents compare closely with the sulphur 
contents of Swedish and Armco irons,! and compare 
favourably with the range of sulphur contents (0-025- 
0:080%) found in modern carbon steels.” 

It seems likely that the ancients in their furnaces could 
attain higher temperatures than those they are often 
credited with. Discussing a report by Polydeutis, the 
author suggests that in the periodos the wrought metal 
was partially melted and separated into three layers : 
carbon-free iron, carburized iron, and slag. Theexamina- 
tion of clamp FE indicated that the carbon content ranged 
from traces to 0:9° ; thus to cause partial fusion and 
separation of the metal a temperature of at least 1350° C, 
and probably as high as 1450-1500° C, would be required. 
Accepting the author’s interpretation of the use of the 
periodos, the report by Polydeutis appears to indicate 
that temperatures of 1400—1500° C were attained regularly. 
Whilst it is dangerous to make a close comparison between 
processes used at periods separated by about two 
millennia, it is interesting to note that iron slag made in 
an English abbey during the 13th century, when in 
powdered form, would only frit at about 1300° C 
or higher.’ This also indicates that in ancient ironmaking 
processes temperatures considerably higher than 1300° C 
must have been attained. It has also been shown that 
temperatures of this order can be attained in simple 
furnaces by the use of a combination of natural and 
forced draught,? which would be well within the abilities 
of the ancients. 


Mr. J. Piaskowski (Poland) wrote: I read the paper 
by Dr. Livadefs with great interest; this is an excellent 
paper, based on very exact investigation. 

However, the author’s views on ancient iron and steel 
metallurgy seem to me to be rather doubtful. It is 
difficult to understand why the layer of steel should 
form between the iron and the slag. The slag, which 
consists of oxides, has an oxidizing and decarburizing 
effect. It is true that bloomery slags sometimes do not 
have this effect, but the deep carburization observed by 
Dr. Livadefs in his clamps and dowels seems to me to be 
impossible. His statement that the steel is ‘‘ more 
eutectic ’’ than the iron does not explain the segregation 
of the layer of the steel, because both components 
remain in the steady state and are not liquid. 

The interpretation of the structure observed in the 
clamps and dowels, especially the carbon distribution, is 
very difficult. It seems to me that there are three 
hypotheses which might explain the structures observed. 
According to the first, the metal used in the building of 
the Parthenon was derived directly from the bloomery. 
Studies on bloomery iron have shown that in certain 
circumstances an irregular local carburization occurs in 
the furnace. This is the theory of Blumner, Harbord, and 
Rickard; there is no essential difference between their 
theories, since they all concern the use of bloomery iron. 

According to the second hypothesis the metal was the 
product of a finery hearth. It is evident from contempor- 
ary writings that the ancient Greeks knew of pig iron and 
made iron castings (e.g. Theodorus of Samos, Thysagoras),. 


This process had been known for centuries in ancient 
China. The furnace shown on Fig. 16 in the paper is very 
similar to the Styrian furnace (Stiickofen). This furnac: 
would use either iron-ore lumps or pig iron. This pig iron 
could be treated in a primitive finery hearth, and would 
produce a partially carburized iron. The hypothesis that 
the ancient Greeks knew of the finery process is, however, 
new and needs confirmation in further investigations. 

However, the most probable is the third hypothesis. 
The metal used in building the Parthenon could be a 
product of a Stiickofen. The bloom derived from this 
furnace was partially and unevenly carburized and is 
similar in structure to those observed in the clamps and 
dowels by Dr. Livadefs. 

AUTHOR’S REPLY 

Dr. C. J. Livadefs wrote: With regard to Dr. Haynes's 
comment that the results of chemical examination appear 
to be inconsistent with the suggestion that a pyritic flux 
was used, it should be recalled that in the paper the use 
of pyritic stones was referred to only as a probability. 
and the practice might not have been general in Pericles’s 
time. Furthermore, hundreds of dowels and clamps 
were used in the erection of the Parthenon. This 
material must have come from various workshops. It is 
very likely that the two dowels and the two clamps 
examined were made of iron in the processing of which no 
pyritic stones were added when smelting the iron ore. 

In reply to Mr. Piaskowski. the deep carburization 
observed in the micrographs of the clamps is found on th 
surface of the strip which, upon being refolded, formed 
the clamp. It is therefore a later process and occurred 
when the strip was preheated in carburized surroundings 
before being refolded and welded. This deep carburiza- 
tion should not therefore be taken into account when 
discussing the production of the Parthenon iron. 

The micrographs of the dowels (with the exception of 
the edges of the strips corresponding to the surface ot 
the- dowel, which was affected by the preheating in 
carburized surroundings) show a material approaching 
in quality the products of iron-ore smelting furnaces 
after removing the slag. 

Pig iron was not known during the Archaic and Classical 
periods. To my knowledge, no objects of pig iron have 
been found or reported that are attributable to those 
periods. Theodorus of Samos (6th century B.c.) invented 
a method of casting hollow copper statues. Thysagoras is 
not known to me and is not referred to in my biblio 
graphy. Therefore, the preparation of iron or steel from 
pig iron is, in my opinion, precluded. In addition, the 
use of the furnace (Fig. 16) for smelting the iron ore is 
ruled out because the furnaces used for this purpose 
were different, as described. Furthermore, no forging 
of iron is justified in the vicinity of the furnace, whilst 
Polydeukis distinctly states that “in the period they 
mix the iron.” The furnace (Fig. 16) might possibly 
resemble a Styrian furnace, the purpose of which, 
however, was quite different. 
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The Production 


of Open-hearth Steel, 


with Particular Reference to Roof Life 


AT THE VAAL WORKS OF THE UNION STEEL 
CORPORATION (OF SOUTH AFRICA) LIMITED 


By C. D. H. Walker, 


H. R. Curnick, M.Sc., Assoc.I.Mech.E., F.I.M., 
and N. E. Dobbins, B.Sc., M.Sc., Ph.D. 


THE UNION STEEL Corporation (of 8.A.), Ltd. 
first melted steel by the open-hearth process in 1912 
at its Vaal Works, Vereeniging, Transvaal, and so 
became the first steel producer on the African 
continent. 

The works were designed to work up the scrap 
then accumulated at the railway workshops and 
gold mines and for which no very profitable outlet 
could be found. Production began with a 12-ton 
basic O.H. Siemens furnace in which only the air 
was regenerated, the gas being fed direct to the gas 
ports from two producers built integrally with the 
furnace beneath the charging platform. Charging 
was done by hand. 

Since 1912 the melting shop has grown in size and 
now consists of three basic cold-charged furnaces: 
the ‘“ B” furnace is of conventional twin gas-port 
design and 40 short tons capacity, the ““C ” furnace 
was rebuilt to a Venturi type of 50 short tons 
capacity in 1950, and the “‘ D” furnace also, of 50 
short tons capacity, was rebuilt on lines similar to the 
“CO” in 1954. 

All three furnaces are fired with raw producer gas 
and are cold-charged, normally working on 35-40% 
pig iron and 65-60% scrap. A 19-shift week is 
worked, with a shutdown on Saturday morning and 
afternoon shifts for flue cleaning. All ranges of 
carbon steels, rimming, semi-killed, and killed from 
0-05% to 1-10% carbon, are made, as well as a 
considerable quantity of silicon—manganese, silicon— 
chromium, and chromium spring steels. 

Before the “C”’ and *‘ D ” furnaces were rebuilt to 
Venturi type, the three furnaces, operating for an 
average o° 42 weeks per year per furnace and with a 
total annual production of 65,000 tons, had an 
average roof life of 236 heats. The three furnaces 
now work an average of 45 weeks per year per 
furnace with an annual production of 95,000 tons. 

The introduction of the Venturi-type port in 1950 
was expected to reduce the life of the silica roof 
owing to the hotter, faster working flame, but this 
expectation has not in fact been fulfilled. The 
average roof life of the ““C”’ furnace, which is 
almost identical in design and construction to the 
* D,” showed an average main roof life of 295 heats 
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SYNOPSIS 
The origin of open-hearth steelmaking in the Transvaal is briefly 
traced. A description of open-hearth furnace performance is given 
recording how, contrary to expectation, faster melting furnaces have 
achieved an unusually long roof life. 1248 


(average of 11 roofs) since it was converted to a 
Venturi type; during this period no roof pyrometer 
was used. 

The following detailed description of the first 
campaign of the “ D” furnace after its conversion 
to Venturi type shows an outstanding main roof 
life for this type of furnace. The “ D” furnace was 
completely rebuilt during the last few months of 
1953 and was gassed on 9th January, 1954. It was 
built along the usual Venturi lines, as shown in 
Fig. 1, with watercooled lintels and door jambs, 
six l-in. water pipes at the gas port nose, and two 
more l-in. water pipes halfway up the gas port. 
These two pipes were found to give extra support 
to the gas port where it carries the weight of the 
bulkhead wall and have prolonged the life of the 
gas-port barrel very considerably, without detracting 
from the speed with which the furnace melts its 
charges. The usual practice is to build the furnace 
from the slag pocket arches upwards entirely in 
chrome-magnesite with the exception of the hearth, 
which is built of magnesite, and the roof, which is of 
amorphous silica. The checker construction is of 
18 in. x 6 in. x 3 in. firebrick built to form solid 
chimneys with a 7}-in. square opening; since their 
introduction these have worked very satisfactorily, 
giving an average checker life of 730 heats. 

The space available prevented the furnace from 
being designed with a slag pocket entirely separate 
from the checker chamber, and so to obtain the 
desired volume of checker work, the slag pockets 
were built inside the checker chambers. As the 
type of slag encountered using uptakes built of 





Manuscript received 15th November, 1955. 
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Fig. 2—Main roof showing the course exposed by de- 
molition of slow ramp after 869 heats 


chrome-magnesite bricks is never liquid, this con- 
struction of the slag pocket has not been detrimental 
to the successful working of the furnace. 
The furnace is well instrumented; the instruments 
provided include: 
(a) Gas and air flow meters and recorders 
(b) Furnace-pressure indicator recorder and con- 
troller 
(c) Two roof-temperature indicators and recorders 
(d) Air checker temperature indicators and recorders 
(e) Differential waste-gas temperature indicator and 
recorder in the air-checker waste-gas flues as 
a reversal indicator 
Gas uptake pressure recorders. 


(f 
The practice of controlled preheating of the roof 
was carried out for the original gassing and for 
each subsequent repair. As a matter of practice, 
the roof bricks are taken through the silica trans- 
formation ranges slowly and the following schedule 
is carefully maintained: 

20-200° C at 25°/h: 73h 

200-300° C at 12°/h: 84h 

300-600° C at 40°/h: 7$h 

The first repair of any kind was done in the early 
part of June, 1954, after 283 heats had been made. 
This was a top repair only, with slag pockets and 
flues cleaned, and at this stage the main roof was in 
excellent condition. 

The furnace was gassed again on 14th June, 
1954. On 30th October, 1954, after making a further 
302 heats (main roof 585 heats), the furnace was 
taken off for a genera] repair, which consisted of 
back and front walls, new ramps, gas ports, and 
uptakes, and slag pockets and flues cleaned. It was 
gassed again on 11th November, 1954, and had three 
shutdowns for holidays up to the end of the year: 
i.e. 16th December, for 24 h, 24th December, for 48 h, 
and 3lst December, for 48 h. (The term ‘ramp’ is 
used to denote the two sloping parts of the roof on 
each side of the Venturi knuckle.) 

On 2nd February, 1955, the front wall was rebuilt 
and eventually on 26th March, 1955, after a further 
284 heats (main roof 869 heats), the furnace was 
taken off for another general repair. Figures 2 and 
3 show the thickness of the roof at this stage. This 
repair consisted of front and back walls, ramps, gas 
ports, uptakes, complete recheckering, and slag 
pockets and flues cleaned. The main roof, which 


~~ 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


originally was 18 in. and 15 in., was found to be in 
good condition and it was decided to try and get 
another campaign over before dropping the roof. 

That has now been accomplished with a total main 
roof life of 1061 heats, the furnace being taken off 
for repairs on 7th July, 1955. During this life of 
1061 heats, no patching was done to the main roof, 
with the exception of 8 bricks replaced above the 
watercooled lintels, where removal of these lintels 
during repairs had caused the fracture of bricks 
immediately above them. 

During tine whole life of the roof it maintained an 
excellent shape, although the wear was slightly 
greater near the front and back skewbacks than in 
the middle. When eventually it was taken off, the 
thickness over the tap hole was 3-4 in. 

The furnace performance since it was gassed in 
January, 1954, is 

No. of heats 1061 
Total production 53,873 tons 


h min 

Average time of heat from charge to 
tap 9 18 
aa charging time 3 45 
ee melting time 3 35 
refining time 1 58 


“ output per full working week 780 tons 
Highest output per full working week 930 tons 
Average output per hour 5-50 tons 

Owing to the altitude of the works (4750 ft above 
sea level), it was found necessary to instal an induced- 
draft fan on the stack flue; this fan is capable of 
handling 75,000 ft?/min of waste gases. The furnace 
is working at a controlled roof pressure of 0-05 in. w.g. 

It is noteworthy that the furnace working without 
the induced-draft fan for the first eight months was 
responsible for a lower output during this period, as 
an increase from an average of 741 tons per full 
week to 800 tons per full week was recorded from 
the advent of the fan. 

Furnace performance details are compared with 
and without the induced draft fan. 


Without Fan With Fan 

h min h min 
Time per heat 9 42 8 57 
Charging time per heat 4 cf 3 22 
Melting time per heat 3 36 3 30 
Tons per hour 5:18 tons 5-70 tons 





Fig. 3—Close-up of centre of main roof after demolition 
of slow ramp 
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When the roof was demolished many areas of the 
brickwork were still 12 in. thick and a number of 
bricks were taken for investigation. It was found 
that these could be divided into six distinct colour 
zones (see Fig. 4): 


Zone 1: About 4 in. long—the unattacked brick 

Zone 2: About 1 in. long and having a distinctive 
yellow colour 

Zone 3: About 1 in. long, very light brown in 
colour, and clearly showing the larger grains of 
the original brick 

Zone 4: About 14 in. long, greyish-brown in colour, 
showing fewer grains of the original brick than 
Zone 3 

Zone 5: About 14 in. long, grey-black in colour, 
with few of the original grains of the brick being 
apparent 

Zone 6: About 3 in. long, dark grey-black in colour, 
in which the original structure of the brick was 
completely lost. 


The shorter bricks contained the same number of 
zones but of necessity were smaller. Numerous tests 
on the used brick gave the following results: 


Physical Properties 








Porosity, Bulk Density, Specific 

% g/cm* Gravity 

Zone 1 20°3 1-84 2-31 
Zone 2 19-0 1-87 2°31 

Zone 3 4-05 2°25 2°35 
Zone 4 2-06 2°25 2-31 
Zone 5 58-70 2-20 2-41 

Zone 6 8-90 2-23 2-44 

Chemical Analyses, % : 

% Loss SiO, Al,O; Fe,0; TiO, 

Zone 1 0:3 95-2 0-6 0-6 0-9 
Zone 2 0-2 94-9 0-5 0:5 0-9 
Zone 3 0-1 91-5 0:7 1-4 1:3 
Zone 4 0:1 89-7 0-8 2:4 1:9 
Zone 5 0-1 87-1 0°3 7°8 0:7 
Zone 5 0-1 88-2 0-6 6-8 0:2 
CaO MgO ~~ Mn,0, Total 
Zone 1 2-2 Tr. o— 99-8 
Zone 2 2:2 Tr. -— 99-1 
Zone 3 4-0 O-l1 Tr. 99-1 
Zone 4 4-1 0-1 0-7 98-8 
Zone 5 1-0 0-1 0-8 100-9 
Zone 6 2-4 0-1 1-0 99 -4 


In addition X-ray powder photographs were taken 

on material from each of the six zones: 

Zone 1: Cristobalite and tridymite (very weak) 

Zone 2: Cristobalite and tridymite (weak) 

Zone 3: Cristobalite and tridymite 

Zone 4: Cristobalite and tridymite (stronger) 

Zone 5: Cristobalite and tridymite (weak) 

Zone 6: Strong cristobalite 


The results on the unattacked portion of the brick 
(Zone 1) show that nothing exceptional was to be 
expected from the brick and that Zone 1 corresponds 
to the average quality produced in South Africa 
from silicretes which are readily available. These 
bricks* were made by the dry-press process and 
fired in down-draught kilns, the batch being pre- 
pared in a solid-bottom pan. 

The chemical analyses indicate that the migration 
of impurities into the brick is similar to that of any 
normal type of open-hearth furnace roof. X-ray 





* Supplied by the Vereeniging Brick and Tile Co., Ltd. 
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Zones 





Fig. 4—Zones in silica roof brick 12 in. long taken from 
main roof after demolition 


photographs show the expected mineralogical com- 
position due to the temperature gradient in the brick 
itself. 

As these bricks have been used for many years 
and their properties are no different from those used 
prior to the instrumentation of the furnace, it must 
be concluded that the abnormal life obtained in this 
roof is associated with the instrumentation of the 
furnace. It is therefore suggested that the sighting 
of the radiation pyrometers on the centre of the 
knuckle and a few inches above the soffit of the arch 
is the main contributory factor to the outstanding 
life of the main roof. It has been assumed that the 
temperature of the main roof will always be a few 
degrees cooler than the maximum temperature 
allowed at this point on the knuckle. Under these 
conditions it would, of course, be more difficult to 
melt the roof than if the pyrometer was sighted on 
the roof. 

Confirmation of the advantage of installing roof- 
temperature indicators and recorders is obtained 
from the fact that the “‘C ” furnace, which is almost 
identical in design and construction to the “ D”’, 
showed an average main roof life of 295 heats 
(average of 11 roofs) since it was converted to a 
Venturi type and during which period no roof 
pyrometer was used. Roof pyrometers were installed 
at the beginning of March, 1955, and the main roof 
which was put on at that time had completed 
a life of 716 heats on 18th February, 1956. 
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The Calculation of Transformation Temperatures 


and Austenite—Ferrite Equilibria in Steels 


By K. W. Andrews 


Introduction 
A TYPICAL COMMERCIAL STEEL usually con- 


tains so many different elements besides iron that 
attempts to relate structure or properties to detailed 
composition cannot generally be expected to be very 
successful. A purely qualitative approach to the 
effects of different alloying elements in steel is repre- 
sented by the division into austenite formers and 
ferrite formers, or alternatively into carbide-forming 
elements and solid solution elements. However, 
sometimes account may be taken in a semi-quantita- 
tive way of the effects of the variation in amount of the 
important alloying elements. Thus, in previous 
communications from the author’s laboratory ? the 
system Fe-Cr—Ni was taken as a basis for the con- 
sideration of certain stainless and _heat-resisting 
steels; and the effect of other elements—Mo, Nb, 
Si, and C—was allowed for by factors representing 
the amount of Cr equivalent to 1% of the element. 

The use of factors of this kind is a fairly common 
practice, although it is usually recognized that they 
have only restricted validity—sometimes applying 
over a limited range of temperature and composition 
to a specific property or to equilibrium involving a 
particular constituent such as sigma phase; and in 
attempting to develop a more adequate quantitative 
treatment, it is perhaps natural to think of the binary 
alloy systems of iron with each of the alloying elements 
as a starting point. However, unless some theory is 
available which enables the simultaneous presence of 
several elements to be dealt with, the approach via 
known phase diagrams is likely to be ineffective and 
disappointing. 

An attempt at such a theory is represented by the 
work of Zener* and West,‘ and a similar development 
by Oelsen and Wever.® ® The present work has been 
concerned in part with a simple extension of this 
theory which would permit its direct application to 
a steel containing arbitrary amounts of several alloy 
elements. In principle the aim is to add together the 
effects of the alloying elements as they act on the 
A, point—ferrite formers acting one way and austenite 
formers acting the other way. This approach leads 
to calculation of the A, transformation range from 
the composition of the steel. However, if the steel is 
considered at a temperature at which both ferrite and 
austenite are in equilibrium, the proportions of these 
two phases and their composition (i.e. the partition 





Manuscript received 16th April, 1955. 
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Swinden Laboratories, Rotherham. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 414 


SYNOPSIS 


The practical but qualitative division of alloy elements in steels 
into austenite formers and ferrite formers is related to Wever’s 
classification of binary iron alloys and the quantitative treatment 
of Zener and others. A thermodynamic quantity involved in 
Zener’s equations can be regarded as the relative strength of the 
element in the one capacity or the other. Further simple develop- 
ments from the equations enable the a — y transformation range 
to be calculated for a steel of arbitrary composition. For steels 
which are duplex, austenite plus ferrite, at a given temperature, it 
is possible to calculate the proportions of these two phases and 
their composition. 

Some examples of applications are given including a series of 
steels containing phosphorus, the solubility of phosphorus at the 
heat-treatment temperature being derived, and a series of steels 
containing chromium. 1149 


of the alloy elements) can be calculated. The practical 
limitations arise from two sources, namely, the limita- 
tions of the theory itself and inadequate experimental 
data for the pure binary systems with iron as one 
component. In the words of West (Joc. cit.4):“* It 1s not 
necessary to wait for a perfect theory.” The author 
believes that some practical uses may result in spite 
of the limitations and the provisional nature of some 
of the data accepted. 

A brief outline will be given of the theoretical 
principles and of some empirical or semi-quantitative 
relationships which may be of general interest. From 
this background a practical extension of the theory 
is then described and some examples of applications 
are given. These include the effects of varying one 
element (phosphorus) in a series of steels, whilst 
taking account of the minor variations of other ele- 
ments, and calculation of structure for a series of steels 
containing chromium. The method could be used to 
indicate the range of structures likely to be obtained 
with a given range of compositions. 


THEORETICAL BASIS 

The basic types of binary equilibrium diagram with 
iron as one component were originally classified by 
Wever.’ The author has previously discussed this 
classification and a possible extension of it to cover 
anomalies. The simple classification is generally 
accepted and one may consider that there are really 
only two basic types of element—those which favour 
the austenite phase and therefore tend to raise the A, 
point and lower A, (the ‘ austenite formers ’), and the 
elements which have the opposite tendency (the 
‘ ferrite formers’). These basic types are represented 
by an open y-field (e.g. Fe—-Ni) and a closed y-loop 
(e.g. Fe—-Si) as in Fig. 1. The other types described 
by Wever arise when the y-field, or y-loop, is cut into 
by equilibrium with a compound (or a solid solution 
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of iron in the alloy element). @ 

The anomalies include chrom- 

ium which appears to act as an 

austenite former for amounts 

up to a few per cent in the 1) 

region 850-910° C, but other- ff I 

wise behaves as a ferrite former. 
A quantitative theory would \\ 

aim at representing the phase ‘ 

boundaries by equations, and 

in fact the work of Zener® and 

others leads to such equations. 

The fundamental relationships 

derived by Zener,? and by — 


6) 
a8), A 
a 





AH negative 





AH positive 














Oelsen and Wever,*® have also Fe 
been considered by Jones and 
Pumphrey.® The _ theoretical 


Fe 
CONCENTRATION OF ALLOYING ELEMENT 
(a) AH (= Hy — Ha) negative i.e. Ha Hy, y-phase favoured 
(b) AH positive ie. Ha < Hy, a-phase favoured 


derivation can be followed by Fig. 1—Two basic types of diagram and dependence onA H (based on diagram 


reference to these papers, and 
it is not intended to repeat the 
details here. The equations are obtained by considering 
the thermodynamic conditions for equilibrium between 
the austenite and ferrite phases. The equations are 





iC B AH (1) 
— = Pex yee ete e aca Seeres 
cy XP RE 
and CFe 1—C" AF ¥e 2 
a : —- = ex mene ARE R TERE 
i, ino” "| 
1 Cc AH (3) 
or In en Mics aon casiesowees 
BOY RT 
1—c* AF re 
and In - — Te (4) 
1—C" RT 


In these equations the various symbols are defined 
as follows: 7' = absolute temperature, C* = con- 
centration of alloy element in a-phase, C'’ = con- 
centration of alloy element in y-phase in equilibrium 
at 7’, and C*y,, C’ve = iron contents of these phases 
(n.b. C = composition, at-°%/100). 
8 = 1 for substitutional solid solutions and 
3 for interstitial solid solutions 


AF, = Free energy of y-phase minus free energy of 
a-phase for pure iron at temperature 7 
Table I 
VALUES OF AH FOR ALLOY ELEMENTS, 
cal/mol 


(a) Austenite Formers (negative AH) 





Cc N Mn Ni Cu Zn 





—8100 —5360 -—2440 —1600  —1280 —590 


| 





(6) Ferrite Formers (positive AH) 




















Ti Sn P Vv | Nb Ww 
| | 
6380 5500 3810 2830 1478 1360 
Mo Al Be | Si Cr 
1360 | 1300 , 810 | 476 | 184 
| | 





| 








Note: Values for Zr (see Fig. 2) and for B uncertain 
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due to Zener). Arrows indicate effect of increasing AH 


AT. O at A.and A, and is negative between these 
Fe 3 4 : ° 
temperatures. It varies with temperature 
but its variation is known 

AH = Heat of solution of alloy element in y-iron 

(Hy) minus heat of solution in %-phase (Hx), 
ie. AH = Hy — Ha. 

Hence: for ferrite formers H, < Hy and 
AH positive: for austenite formers H, > Hy 
and AH negative. 

(In the review referred to,’ the author used a differ- 
ent sign convention for AH, but the present one 
appears to be in more general use). 

AH is regarded as being effectively constant and to 
a first approximation independent of temperature 
(see below). The dependence of the two basic forms 
of diagram on AH is indicated in Fig. 1. Further 
developments from equations (1) to (4) are the follow- 
ing: 

(a) For binary systems with low concentrations of 
the alloy element an approximation for (4) may be 
used, namely, 

AF ¥e 


RT 7 


cy . c+ a 


i.e. to a first approximation the difference in atomic 
concentrations between the a-and y-phases is the same 
for different alloy elements 

(b) It was assumed that, to a first approximation, 
when more than one alloy element was _ present, 
equations of the type (1) remained true for each 
separate element. 


ya “AH; 
Thus 3 = Bj exp EF ‘4 fale cindidis ee 
| 


for the jth alloy element. 
> a a yi 
Also Cre 1— XC; AF re 
liam a eee Mee ere (7) 
Cre 1-— XC; 
These equations would give the phase boundaries in 
ternary and more complex systems 
(c) For systems with carbon as one component. 
Zener also gave equations 
a ae ; 
Ce. = [Celo+ Ac* | 
Ct = [CZ]. + AC” 
where the subscript o refers to the pure binary system 
and AC sums up terms representing the effects of the 
other alloy elements upon the phase boundaries. 
Equilibrium with carbide was also considered. 


age neeetendwachee (3) 
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Fig. 2—Relative ‘ strength’ of ferrite formers 


In applying equations (1) to (4), Zener found it 
necessary to have some experimental data to begin 
with. This only required one suitable point (e.g. the 
composition C* at 1150°C for a y-loop element), 
from which a value of AH can be found. From this 
value of AH and the known variation of AF. both 
phase boundaries can be calculated. The agreement 
between theory and experiment is thus forced at one 
point as AH cannot otherwise be known. The theory 
is then tested by agreement over the rest of the trans- 
formation range. Unfortunately adequate experi- 
mental data for testing are available in only a few 
cases. In at least some of these cases agreement is 
good (e.g. in the systems Fe-W or Fe—Mn as considered 
by Zener®). The inadequacy of the experimental data 
may eventually be overcome. However, Oelsen® 
rather optimistically suggests that theoretical bound- 
aries may be used to correct experimental data. 

The limitations of the theory itself should be 
mentioned. These derive in particular from the general 
assumption of ‘ dilute solutions ’ and the approxima- 
tions used in arriving at equations (1) and (2). Fur- 
thermore, the assumption that AF. has the same 
values at a given temperature for different alloy 
elements has been questioned. Thus Jones and Pum- 
phrey® found that they achieved better agreement 
between theory and experiment for the system 
Fe-Ni if they took values of AF. about 25% higher 
than those of Zener, and a different set of values for 
the system Fe-Mn. Hardy’? provided an explanation 
and suggested that A Fre need not necessarily show the 
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same dependence on temperature for different alloy 
elements, and also claimed that the assumption that 
AH was independent of temperature was incorrect. 
In reply Jones" pointed out that AH could be 
expected to be ‘roughly constant,’ and that the 
resulting agreement between theory and experiment 
is not exact but close enough “to justify some con- 
fidence in the free-energy relationships.” It is from this 
viewpoint, - retaining Zener’s original assumptions, 
that any further progress is possible at the present 
time, and.the practical aims of the present paper are 
believed to justify the acceptance of this attitude. 
Later modifications of the theory, as long as they are 
soundly established, may eventually lead to a more 
accurate representation. 

A great advantage of the simple theory as it stands 
is that it enables extrapolations into the field of 
‘negative concentration,’ so that the actual effects 
of austenite formers and ferrite formers can be con- 
sidered at a single temperature. 


SOME QUALITATIVE OR SEMI-QUANTITATIVE 
RELATIONSHIPS 

Values of the quantity AH are given for the com- 
mon alloy elements in Table I. These are mostly as 
given by Zener but with certain additions. Thus, 
AH for titanium was derived from a diagram due to 
Roe and Fishel,!2 whilst a value for niobium was 
calculated from the diagram of Genders and Harrison.1* 
In this case, AH was calculated for a/y and 3/y 
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Fig. 3—Relative ‘strength’ of austenite formers 
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RowlI: Effect of adding increasing amounts of ferrite former(s) 
Y on system Fe—X, where Y = single austenite former or 
sum of austenite formers 

Row Ie: Row I modified for “‘ expanded y-field ”’ type as Fe-C. 

Row II: Effect of increasing amounts of austenite former(s) Y on 
Fe-Y 


Fig. 4—Combined effect of alloy elements 


equilibrium where applicable, although y also enters 
into equilibrium with a compound. For chromium, 
AH was calculated from the composition of the 
a-phase boundary at 1150°C, although this is an 
anomalous element in view of the shape of the 
y-loop. The composition of this point was taken 
from the diagram of Bain and Aborn,!4 and some 
reference was made also to their sources. Zener’s 
value for nickel (— 1600) has been taken here, although 
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Oelsen gave — 1200. The value — 2500 (Jones and 
Pumphrey) would only apply with a different set of 
values for A Fp.. 

Since stronger ferrite formers have higher values of 
AH and a narrower y-loop, whilst larger numerical 
values of AH for the negative case give a correspond- 
ingly narrower y-region, we may take AH as represent- 
ing the ‘relative strength’ of the alloy element. 
The values in Table I are represented in Figs. 2 and 3, 
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(a) Both alloy elements are ferrite formers 
(b) Element 1 is a ferrite former, element 2 an austenite former 


Fig. 5-—Straight-line phase boundaries (ternary 
systems) for temperature between 910 and 
1400° C 


which give a simple picture of these relative strengths. 
An approximate value for Zr has been added to Fig. 2. 
This conception of * relative strength ’ of an austenite 
or ferrite former is suggested by the fact that AH 
represents an energy term characteristic of the 
element in question, whose magnitude varies in the 
appropriate manner. 

Reference to equations (1) and (2) shows that AH 
cannot be represented as a simple function of the 
compositions of the «- and y-phase boundaries. With 
ferrite formers, giving a y-loop, the loop is smaller 
for larger values of AH. Actually, AH is approxi- 
mately proportional to the reciprocal of the mid- 
point composition for these systems at 1150° C, but no 
theoretical significance is attached to this observa- 
tion. 

The combined effect of alloy elements may be 
summarized as in Fig. 4. A ternary system Fe—X-Y, 
where X is an austenite former and Y a ferrite former, 
is illustrated by considering the effect of adding in- 
creasing amounts of Y to the system Fe—X, or in- 
creasing amounts of X to the system Fe-Y. These 
two sets of parallel sections give the top and bottom 
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rows of diagrams. Their basic form can be found in 
several ternary systems with iron as one component. 
The middle row (derived from I) is added to represent 
the case where the y-field is expanded but closed as in 
the important system Fe-C. In effect, the equations 
(8) give the boundaries for this type of system with 
carbon as one constituent. The form of AC in equa- 
tion (8) suggests that the shifts of phase boundaries 
are additive at a given temperature. Hence in the 
small diagrams in Fig. 6, X can be regarded as repre- 
senting the sum of the austenite formers and Y as 
the sum of the ferrite formers. In their present form 
the equations refer to the phase boundaries for a 
system of this kind but do not indicate directly where 
a given composition (an actual steel) will lie in 
regar d to the boundaries. 


EXTENSION OF THEORY 

Development of Equations for Transformation Tem- 

peratures 

To adapt the equations so that they can be applied 

to actual steels of arbitrary composition but with 
more than one alloying element, a process of simple 
algebra is followed. 

From equations (1) and (6), we have 


cc AH 
1 Lore Pi = B,exp mae re es). 
Ce wtih RT 
where the suffix o refers to the pure binary system and 
p, is constant for the element Lat a given temperature. 








. . r ¥ | [ 1 sy ¥t 
Similarly 1 — [Ct }o 1 iCuls 1 — XC; 
Se ag ee 
1-|Ci], 1 -(C3Jo 1 — EC; 
| AF ye 
where t exp a SE ME. (Le 
: RT 
It follows for each separate alloy element that: 
" a "7 
q(1 — [e}].) = 1 — lef], = 1 — pjlef]. 
(l —q) 
or pj = 4 = 
[c } ie 
b, bb \Y~ 
Note: z ex, + (1 €) Xs y= ety + (L — €) a, 
Y= + (1 — ©) bz = eb) + (1 — €) hy 
=. Proportion of a phase 
l1—e Prop ortion of y phase 


Fig. 6—-Relationships for two-phase alloys illustrated 
for ternary system Fe-X-Y (ferrite former and 
austenite former) 
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1 — =CF =l1— pC} = 


: Ci 
\ 


[ci]. 
ci 
or (1 ox( J = () = 9) 
[Cj]o 


v 

Cj 
4) % O, z( — ) 
[cj ]o 


and from equations (9) and (11), 


= ( C5 ) | (12 
2s [o"] = COCR RSME 
LY jjo 


The equations (11) and (12) are true provided that 
none of the denominators—i.e. [Cf], or [C¥],—are 
zero and gq #1. These conditions are fulfilled at all 
temperatures except at the A, and A, points for pure 
iron. The equations (11) and (12) therefore become 
unreliable near these temperatures and break down 
completely at the exact temperatures. 


But g(1 _ rc") 


or providing (1 


For a simple ternary system 


a ya \ 
GC, C; = | 
Tne] f ya] 
LCi lo Cr Jo DEE RN Gos 
c. ¢ 
Pan 7 = 
il Whe 
el ? * 2 
which are of the familiar form 4 | 
a b 


and are the equations to straight lines as in Fig. 5. 
Hence the original assumption that is implied in 
equation (9) leads to the conclusion that the phase 
boundaries at a constant temperature should be 
straight lines in a ternary system, planes in a quater- 
nary system, and their equivalent as represented by 
strictly analagous equations in more complex systems 
(‘ hyper-planes’). Straight-line boundaries of the 
kind shown in Fig. 5a have been reported for the 
system Fe—Al-Si by Wever and Heinzel.!® In this 
case, both elements form a y-loop in the binary system. 
In some other systems straight-line boundaries are 
possible but cannot be said to be adequately estab- 
lished. 

An alloy steel of known composition will contain 
a number » of alloy elements and will represent a 
fixed point in the corresponding (x -- 1) component 
system. It will not generally lie on a * hyper-plane ’ 
given by equation (11) or by equation (12). However, 
if the steel were actually heated, it would generally 
pass through a temperature at which equation (12) 
was first satisfied and then a higher temperature at 
which (11) was satisfied. In special cases only one 
or neither of the two equations would be satisfied. 
However, it generally follows that the transition 
temperatures can be found: 

y boundary 
y/y boundary 


let Ts temperature for a a 
Ty = temperature for a 


. be ) 
= 
[cio wee 
and Ss’ =3 Se ) 
[CF]o 
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Then the sums S* : 
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Fig. 7—-Variation of S’ with temperature and determina- 
tion of T’ (typical cases from Table V 


—where the superscript ‘s’ refers to the actual 
composition of the steel—are calculated for a series 
of temperatures. The functions S* and S” are plotted 
against temperature, and 7 and 7" are the points 
at which S*=1 and S’= 1, respectively. Some 
examples are shown in Fig. In general, 7'* is 
metastable because carbide equilibrium intervenes. 
It is doubtful whether this equilibrium could be 
calculated in the same way. It is hoped to investigate 
this point. 

Practical calculation requires the tabulation (in 
at-%,) of [C%], and [C’], for the pure binary systems, 
When once established this fact is of permanent value 
unless or until the need for revision arises. The calcu- 
lations of the sums S* and S”’ can be very rapidly 
effected on any of the hand or electrically driven 
calculating machines which form part of the equip- 
ment of most laboratories. 


’ 
‘. 


Equilibrium at 910 or 1400 C 
Just at those temperatures, the A, and A, points of 
pure iron, equations (9) and (10) break down, since the 
denominators all become zero, and g = 1, so 1 —q=0 
(AF ye = 0). It follows from equation (7) that 
WG TF ciiidcccncc 8 


Thus the alloy elements are divided between the 
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a- and y-phases so that the total atomic concentration 
of alloy elements is the same in both phases. To find 
the temperature 7’ when this falls at or near the 
critical temperature 910°C, an arbitrary function 
5 was postulated as follows: 


ac; 
Cj = BCj = PC} 
=Ccj — XC} — 
xc’ 
So if 7’ = 910° C, a quantity denoted by 6 = 0, where 


as 14 ee or 
Bice Ce x 100 = = = x 100 = 0 
xC;j xCj 


At the temperature | 


now, from (15) at 910°C, 





J 


Then § = Sa 1) . 100 with p; values for 910° C...(16) 
=C;j 
(The factor of 100 is introduced for convenience). 

d is, however, only zero if 7’ = 910°C, but differs 
from zero approximately in proportion to how far 
T’ differs from 910° C. As defined by equation (16), 
5 can readily be calculated for a series of steels during 
the course of calculation for S* and 8’, 7’ as found 
by the usual method is plotted against 5. Values of 
7’ which cannot be so found as they are too near 
910° C can then be read off at the appropriate value 
of 5 for the steels concerned. 

The function has been applied successfully to a 
series of steels of similar composition (see below), but 
it is considered unlikely that the same kind of varia- 
tion will apply to several different types of steel. 


Calculation of Structure for Steels in Duplex Condition 


A further development leads to the calculation of 
the proportions of austenite and ferrite at temperatures 
where these two phases are in equilibrium, and the 
partition of alloy elements between the phases. At 
temperatures used for solution treatment, alloy steels 
are not infrequently duplex in structure. The possi- 
bility of calculating the structure at a given tempera- 
ture is thus of practical interest. 

This further development may be considered by 
reference to Fig. 6, where the case of iron with two 
alloy elements serves to illustrate the principles 
involved, the calculation again extending to any 
number of alloy elements. In this case a simpler 
notation is more convenient instead of Cf, etc.: 

Vis ys 2 .. . for composition of a-phase 

Ve, Yar Zs ... for composition of y-phase 

(4, a, 6,, by. ete., refer to the pure binary systems 
PY ine 4 ... for composition of steel 

e = atomic fraction of a-phase 

1 — e = atomic fraction of y-phase 

For each component 


X = ev, + (1 — e€)z, ] 
Y =ey, + (1 —e)ys J 
etc. 


These relations are true because in a two-phase 
region (whatever the number of components), the 
composition of the steel as a whole and of the two 
phases in equilibrium must lie on a ‘tie line’ (as in 
Fig. 6): 
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ad 2 


a x 
by (9) —- =— =p, and-* = 
Be Ge & & 


by (17) X = [ep, + (1 —€)}, 


x 
= [ea, + (1 — €) a,]— 
a, 


or #, _ X 
as ‘ {ea, + (1 — e)a,] 
but Sree RS usaacke Oe 
a, b, C3 
50 
_ 3 Y Z 
(ea, +(1—e)a,] [eb, +(1 —€)be] [ey +(1—e)e,] 
xX ls Z 
or +— + oe i ARE Pry Pee eee eee |S 


a, bs ey 
where a@; divides aj, ad, in the ratio of €: 1-e 

b; divides 6,, b, in the same ratio 

and ¢, divides ¢,, cz in the same ratio 
Equation (18) is the equation to a hyper-plane 
through XYZ (a straight line in Fig. 6). It is a 
comparatively simple matter to solve equation (18) 
by arithmetical interpolation. At a chosen tempera- 
ture, and for any given alloy element, a, and a, are 
already available. Values of a, = ea, + (1 — e)a, 
are calculated for a series of values of « = say 0-1, 
ey rw ao soos 0-9. For «=0, a, =a, and for 
«e=1-0, a,=a,. This simple tabulation can be 
carried out for any desired number of alloy elements 
giving values a5, b5, cs, etc., corresponding to each 
value of «. The table of a3, 65, etc. is of permanent 
use when established. The sum xs is found using 
chosen values of ¢ and the value of « which would give 
the sum equal to unity found by interpolating between 
the two nearest values. In many cases it is only 
necessary to try two or three of the tabulated values. 

The amount of labour is thus quite small. 

The partition of alloy elements follows at once, 
either from equations (17) or from the relationship 
X, = X.a,/a,. This process is equivalent to locating 
a ‘ tie line’ in a two-phase region in a system of any 
number of components. 


APPLICATION TO PRACTICAL CASES 

Tables of Standard Data 

The values of AH given in Table I have been used 
to calculate the phase-boundary data given in Table IT 
for the more common of the alloy elements referred to. 
This table is entitled “‘ Idealized Phase Boundaries ”’ 
because these boundaries are calculated, and although 
they must agree with experimentally determined 
boundaries at (at least) one point, a full comparison 
between theory and experiment is not possible at the 
present time, but agreement is known to be reasonably 
good for certain cases. In the case of Fe—Ni, the agree- 
ment is not good towards and below the lowest temper- 
ature in Table II, but better towards 910°C. In the 
present work the main interest lies in the temperature 
range above the A, point of pureiron. In this range 
the austenite formers have, therefore, been in the field 
of negative concentrations. 

It has not been possible to make calculations for 
steels containing chromium based upon equations. 
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Table III 
THE Fe-Cr SYSTEM (at-%) 
Lower Boundary | Higher Boundary 
Temp., °C — a 

a Y Y | a 
1400 0 0 
1350 3-81 4.27 
1300 6-96 7-59 
1250 | 9-16 | 9.68 
1200 10-68 11.19 
1150 11-71 12-20 
1100 12:10 | 12-62 
1050 12-18 12-70 
1000 12-00 12-66 
975 11-80 | 12.34 
950 11-52 12-06 
940 11:39 | 11-90 
930 11-21 | 11-77 
920 11-04 | 11.59 
910 0 0 10-85 11-39 
905 0.35 0.58 10-76 11-26 
900 0.67 1-08 10-67 11-15 
875 8-0 8-0 8-0 | 8-0 

| ! 











Note: These data are based on the experimentally determined y-loop 
for Fe-Cr which is a special case 


Instead the experimentally determined phase bound- 
aries have been used. These are given in Table III. 
It is only possible to carry out calculations for chro- 
mium over a limited range of compositions and tem- 
peratures, since extrapolation into the field of negative 
concentrations at the A, point would be difficult. It 
might be supposed that it would be better to use 
experimental data wherever possible. These data are, 
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as noted above, so inadequate that very few could be 
used in the present work. The theory has the great 
advantage previously pointed out of giving continuous 
boundaries which extend into the field of negative 
concentration. When fuller experimental data of a 
high order of reliability become available, the theory 
may be modified or empirical equations introduced. 
For the time being, calculations using Tables II and 
III are likely to give results which, although based on 
the somewhat inadequate existing knowledge, are as 
good as could be hoped for. 

To complete the standard data some representative 
examples are given in Table IV of the tabulation of 
values of a3, 53, ete., for selected alloy elements, as 
used in the practical examples described below. 


Application to a Series of 4°, Mo Steels Containing 
Varying Amounts of Phosphorus 

This example was chosen because the steels had 
phosphorus contents between 0-01% and 0-1% and 
the total alloy content was low. Although the contents 
of elements other than phosphorus did not vary very 
much, their variation would have been sufficient to 
affect the apparent influence of the phosphorus if 
considered alone. This observation applies chiefly to 
the carbon content, carbon being a strong austenite 
former, and phosphorus itself a moderately strong 
ferrite former (see Figs. 2 and 3). In fact, one advan- 
tage of applying the method of calculation would be 
to ‘smooth out ’ minor variations in the amounts of 
alloy elements. The mechanical properties including 
creep and rupture test results for these steels have 


Table IV 


EXAMPLE OF TABULATION OF COMPOSITIONS (a,6,, etc.) IN TWO-PHASE REGION FOR FINDING 
PROPORTIONS OF AUSTENITE AND FERRITE--TEMPERATURE 1050 C 


(a) Austenite Formers (All Negative at-°%) 
































€ Cc | Mn Ni Cu N 

0-0 0-812 1.157 1-535 1-816 2-148 

0-1 0.742 1-087 1-465 1-746 1-078 

0-2; 0-672 | 1-017 1.395 1-676 1-008 

0-3 | 0-602 0.947 1.325 1-606 0.938 

0-4 0-532 0.877 1.255 1.536 0-868 

0-5; 0-462 0.807 1-185 1-466 0-798 

0-6 0-392 0.737 1-115 1-396 0-728 

0-7, 0-322 0-667 1-045 1-326 0.658 

0-8 0-252 0.597 0-975 1-256 0.588 

0-9 0-182 0.527 0.905 1-186 0-518 

1-0 0-112 0.457 0-835 1-116 0.448 

(6) Ferrite Formers (All Positive at-°) 
€ Si P Mo or W Al Ti Nb | Vv | Cr 
0-0 3-53 0-215 1-03 1.09 0.068 0.93 0-362 12-180 
0.1 3-60 0.285 1-10 1-16 0-138 1-00 0.432 12.232 
0.2 3-67 0-355 1-17 1.23 0-208 1-07 0.502 H 12.284 
0-3 3-74 0.425 1.24 1.30 0.278 1.14 0.572 | 12-336 
0-4 3-81 0.495 1-31 1.37 0.348 1.21 0-642 12.388 
0-5 3-88 0-565 1.38 1.44 0-418 1-28 0-712 | 12.440 
0-6 3-95 0-635 1.45 1-51 0.488 1-35 0.782 12.492 
0-7 4-02 0-705 1-52 1-58 0.558 1.42 0-852 12.544 
0-8 4-09 0-775 1.59 1-65 0-628 1-49 0-922 12-596 
0.9 4-16 0.845 1-66 1-72 0-698 1-56 | 0-992 | 12.648 
1-0 4.23 0.915 1.73 1-79 0-768 1-63 1-062 12-700 
| 
€ = Fraction of Ferrite Phase 
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ae | | 
was | PHOSPHORUS, % 
ng -10 fe) 10 § 20 30 40 sO Fig. 9-—-A possible schematic free-energy diagram for 
steels containing phosphorus (temperature between 
ad Fig. 8—The function ‘6’ plotted against temperature 910° and 1400° C) 
ne" of y-phase boundary for steels in Table V 
on series of steels is shown in Fig. 8, and the point 
we been reported by Gemmill and Murray.!® ‘These indicated for steel 3. 
A authors discuss the practical significance of the The significance of the theoretically calculated 
if phosphorus content, and their results can be inter- values of 7’ in Table V can now be examined, The 
és preted in terms of the constitution as calculated by steels were normalized at 930°C. Thus if 7” is 
ite the present methods. below 930°C the steel is entirely in the austenite 
seer The chemical analysis of the ten steels (principal region at 930°C. When 7’ rises above 930° C the 
ia elements) is given in Table V. For the purpose of — steel is still duplex at 930°C. Hence the solubility 
<i calculation, weight percentages were converted to of phosphorus at 930° C in austenite in $°% Mo steels 
of atomic percentages. The sums S* and S’ were found _ of this type is given by the composition at which 7” 
ict and plotted against temperature. Some examples 930°C. This composition is clearly influenced by the 
i are shown in Fig. 7. Table V lists the calculated carbon content, but for 0-07% C is about 0-05°% P, 
temperature 7’ and the 7'* which is metastable in for the steels in Table V. As the mechanical and creep 
this case. The observed range is also given as deter- properties showed, there was a change in the behaviour 
mined dilatometrically for seven of the steels. The of the steels in this region, especially in regard to the 
NG difference between observed and calculated 7 varies impact figure and the primary creep (loc. cit.1®). This 
between 1° and 20° in six cases. The differences 19° change could therefore be explained in terms of a 
and 20° are rather large, but it would be difficult to change in structure at 930° C. 
decide what accuracy should be expected. The The calculation is for y in equilibrium with a, but it is 
difference of 54° is much larger and may be associated interesting to consider the possibility that it is in 
with the very high phosphorus content. Otherwise equilibrium with phosphide and not ferrite, although 
the agreement may be considered to be fairly good in the presence of the other elements a three-phase 
since differences of only 1°, 4°, 4°, and 11° occur. equilibrium is also possible. Figure 9 makes use of the 
The quantity 5 defined by equation (16) was usual free-energy/composition diagram to illustrate 
also calculated and used to determine 7” for steel 3, a point that arises here. The equilibrium calculated 
which did not give a satisfactory determination by corresponds to the common tangent to the two curves 
the other method. The plot of 5 against 7’ for this representing the free energy of the y-phase (Fy) and 
Table V—LOW-CARBON }°, Mo STEELS CONTAINING PHOSPHORUS 
Chemical Analysis, wt-°, Transformation Temperatures, © C 
— | ; | Difference | The Function 
No. . | a I -€ s (Fig. 8 
c Mn Si P Mo Tr ‘eailaleateiaies i. ee observed- 
T’ calculated 
— l — 
1 | 0-07. 0-39 | 0-19 | 0-015 | 0-58 900 595 - eS 
2 | 0-06 0-31 0-18 | 0-010 0.58 906 648 725-925 19 2-9 
3 | 0-07 | 0.42 0.19 0-030 0-58 910 594 — 0-25 | 
4 | 0.07 | 0-42 | 0.19 | 0.046 | 0-57 | 925 598 740-945 20 6-9 | 
5 | 0-05 | 0.32 | 0:18 | 0-026 | 0-58 | 926 | 684 720-930 4 8-85 | 
6 | 0-07 | 0-38 | 0.22 | 0-043 | 0-60 | 929 | 598 730-940 11° +8-92 | 
7 0:07 | 0-43 | 0-18 0-060 | 0-56 936 | 595 740-935 1 12-8 
8 | 0-07 | 0-41 | 0-21 | 0-060 | 0-60 ; 941 | 596 730-945 4 14.9 | 
> 0:07 | 0-43 | 0-19 0-107 | 0-56 981 | 596 32-9 
10 | 0-06 | 0-38 0-21 0-110 | 0-60 1004 645 725-950 54 40-9 
| | | | 
ae Note: T@ is metastable as equilibrium involving the carbide eutectoid intervenes (720-740° C). The observed range was determined by 
a dilatometer in the usual manner 
956 DECEMBER, 1956 JOURNAL OF THE IRON AND STEEL INSTITUTE 
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Table VI—CALCULATION OF PROPORTIONS OF AUSTENITE AND FERRITE FOR A SERIES OF STEELS 
CONTAINING CHROMIUM 
| Composition, wt-% Austenite, %, | 
& p | eee een oe Notes 
Steel | | | 950° C 1050° C | ettenetved 
No. | | | | | B | carbide at 
| ot haat: la | <r = all ead tid Ca sedans Po | Differ- | 
| | | | | — | Onserves | ence | lated we Differ-| 950°C | 1050°C 
1 [0-06 0-48 0-86) 7-20] 1-100] | | | | ig | 60 | 1 | so | 80 | 0 | nil | nil 
2 | 0-07 0-47 | 0-60 7-38) 1-772)... | 43 45 2 | @ | so | 3 | of | off 
3 (0: 06 | 0-52 | 0-56 | 7-36| 2- 281 | ne | | 3 28 | 3 37. | 45 om] om 
4 |0-04/ 0-50 | 0-51 7-37 | 1: 120/ 0-985 26 32~2Oté‘«‘ | 38 | 3 | 8 nil | nil 
5 |0-04, 0-45 0-51/ 7-27, 1-764 | 0-990 15 7” | a2} a |. 2 | @ nil | nil 
6 ina 0-50 | 0-53) 728) 2388099) 10 eo |>10 | 122 | s | 7 | small + nil 
7 wi 11/ 0- 48 | 0- 547-36) 1- wd ba 474 | 48 o | 12 | 57 | 7 | 2 | small + v. small 
8 | 0-11 0-48 (0-82 7. 0 1-763 heed | | 40 40 o 4 | 8 | 10 | small+) nil 
9 |0-13\0- 45 0-55 7- 30 1: ma 516 | | | 36 45 9 41 | 45 | 4 | small}, nil 
10 |0-12/0- 50 0-59) 7- 06 | 2: 271 | 0-455 | | «2 17 | 23 | st | 4 11 | smatt-+\v. small 
11 | 0-11 0-45 0- 44) 6: 86 2-312 | 0-868 | | 33 2 | 13 | 39 | 33 | 6 |sman+! nil 
12 |0- 12 0-46 0: 66 6: 74) 2: 335 | 1- 419) | | 25 | 7 | 18 | 32 | 3 | 3 | small + nil 
13 [0-09 0-45 0- 427-26) 0-51 | | 0-49) 46 40 6 | 51 100 =| > 49 penseas (outs 
14 C 09 0- 9 0-42|7-04 0-49 | | 0-50 0-028' 43 | 20 23 | 48 | 100 | ae Toe 
15 0-09. 0-45) 0-357: 10 0:80 | 0-91 «a | 9 | 4 | 1000 | 10 | ... | » | oo» 
16 |0- 10, 0-41 0- 34) 7: 04| 0-49 | | 0-88 ... 0-024) 80 | 80 | o | % | 10006 6/|> 4 Pa Per 
17 | 0-09. 0-45, 0-42 7-10/ 0-99 | 1S een (ee | 4 | 18 #=| 2 | 52 | 35 | ee Ne 
18 (0-10 0-50 ‘0-51 7-10] 0:80 | jos .. |0-72| a 0 | >31 | 34 | 38 4 | a | Fa 
19 | 0-09 0-45 | 0-49 | 7-02) 0-82 vo |O-44) ... 0-73 29 5 24 | 32 | 40 8 jo» | 
20 0-08 0-39 0-35 | 7-04 0-52 0-89 0-75, | 35 5 3) 42 | 35 a oe 
21 | 0-09 0-42 0-36 7-14 0-51 _ (0-88 0-72/0-020' 37 o | 23 | 4 | 4% Se) es 
22 (0-09 0-47 0-60 7-60) ve | one 10-58]... lo (0-024 | 39 5 | 34 | 4 | 100 | >55 | » | i 














that of the a-phase (Fa). P, is the point of contact 
on the y-curve and gives the composition of the 
y-phase at the boundary y/y + a. However, if true 
equilibrium is with phosphide, the new common 
tangent must lie below the a~y common tangent in 
Fig. 9. This means that the solubility represented by 
P, would be lower than P,. Therefore we have the 
important conclusion that if phosphide is precipitated 
at 930° C, the solubility cannot be greater than the 
calculated composition of the y-phase boundary for 
equilibrium with a. The situation for three-phase 
equilibrium is more difficult to depict, but a similar 
conclusion would generally follow. 

In pure iron—-phosphorus alloys the y-phase enters 
into equilibrium with a and a complete y-loop is 
formed. The a-phase of higher phosphorus contents 
then enters into equilibrium with a phosphide. 
Oelsen® has calculated the curve for the metastable 
solubility of phosphorus in y-iron and this is illustrated 
in Fig. 10. Thus, for pure iron—phosphorus alloys, 
the theoretical solubility of phosphide in y at 930° C 
occurs at a composition P,, markedly higher than P, 
as in Fig 10. In the steels containing carbon, molyb- 
denum, and other elements, P, is of a similar order. 
It follows that if the condition represented by Fig. 9 
applies, the alloy elements have had a much greater 
effect (relatively) on the free energy of the phosphide 
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phase (lowered), than on that of the a- or y-phases. 
Hence, although the equilibrium with phosphide is 
possible in these steels, the a/y equilibrium as calcu- 
lated is more likely. 

One matter which is also of general interest follows 
from Fig. 10 and concerns the general effects of 
phosphorus in steels. Thus if an austenite is contin- 
uously cooled from the y region, or alternatively held 
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Fig. 10—Part of the system Fe-P, showing theoretical 
solubility of Fe,P in y-iron 
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at a sub-critical temperature (below, say, 500° C in 
Fig. 10), it will be highly supersaturated with respect 
to phosphide. It is also possible that phosphorus 
atoms already tended to occupy special positions 
near dislocations and grain boundaries at the austenit- 
izing temperature. At sub-critical temperatures some 
relief of the strain owing to supersaturation might 
easily occur by atom movements over short distances, 
and either Fe,P itself form or an intermediate meta- 
stable phase. This could happen even though the 
true diffusion of phosphorus might be comparatively 
slow at these temperatures. The condition described 
could result before the sub-critical austenite had 
begun to transform, or before the transformation had 
proceeded very far. This may provide a partial 
explanation of the adverse effects of phosphorus on 
the impact and other properties of steels (including 
the impact transition temperature). 


Application to Some Steels Containing Chromium 


The presence of chromium in steels makes calcula- 
tion difficult for temperatures much below 900° C. 
However, it should be possible at suitable tempera- 
tures to treat Cr in low-Cr steels (0 — 4% Cr, say) 
in the A, region as an austenite former since the A, 
is depressed, and the Cr in high-Cr steels and at higher 
temperatures as a ferrite former. In the present 
instance, at the Cr contents and temperatures con- 
sidered, the latter condition applied. Most of the 
steels examined here, based upon 7% Cr plus up to 
3% or 4% Mo, are either wholly ferritic or duplex, 
austenite plus ferrite, at temperatures between 900° 
and 1300 ° C, 

Thirty-three steels of this type were examined by 
calculation, and in twenty-two cases microscopical 
examination enabled a check to be made of the cal- 
culated proportion of ferrite and austenite. These 
results are given in Table VI. The first twelve steels 
contained Cr and Mo with Al in certain cases. Four 
had all carbide in solid solution at 950° C and eight had 
some carbide out of solution, whilst at 1050° C two 
had a little carbide out of solution. The carbide in this 
case was the chromium-base carbide (Cr, Fe, Mo),C, 
or M,,C,. For these twelve steels it was con- 
sidered that agreement between observed and cal- 
culated proportions of phases was very good. The 
differences might have been expected to reach up to, 
say, 10% or even 15 % and only two of the twelve 
are greater than 15%. For this group of 12 steels, 
Fig. 11 shows the plot of calculated against observed 


Table VII 
PARTITION OF ALLOY ELEMENTS 
Example chosen: Steel 2 in Table VI (at 950° C) Contains 43% austenite, 





57% ferrite. (by calculation). 
Wt-% analysis (reconverted from at-%,). 


| | | | 
Analysis of: ‘ & Mn | Si Cr Mo 


| | | 


| | 
0-07 0.47 | 0-60 7-38 | 3-05 








Steel as a whole 


Ferrite | O- 015, 0-27 | O- 65 | 7- 49 | 3-72 


| | 


| 
0-14 | 0-74 0-54 7-23 | 2-15 


Austenite 
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Fig. 11—-Comparison of observed and calculated austen- 
ite percentage for twelve steels containing chrom- 
ium 


proportions of austenite and ferrite. The broken 
lines enclose a band representing -+ 10%. The dia- 
gram shows that the best agreement follows with all 
the carbide dissolved or with only a small amount out 
of solution—as would be expected. 

For the remaining ten steels in Table VI agreement 
was generally poor. At both temperatures (950° and 
1050° C), carbides remained out of solution and these 
carbides were now the cubic carbides formed by the 
elements Ti, Nb, and V, although some .7,,C, or 
M,C could also be present at 950°C. The steels 
contained Ti or Nb and sometimes V as well, whilst a 
small amount of boron was also present in five cases. 
An attempt was made to allow for the effect of this 
element in these cases, but the interpretation of the 
effect of boron is made difficult by the present uncer- 
tainty about the exact form of the equilibrium dia- 
gram in the a/y transformation region. The results 
for these ten steels suggest that the presence of 
considerable amounts of carbides, including those of 
the type with a high ratio of metal to carbon atoms, 
has made the calculation unreliable. Nevertheless, 
for the 1050° C calculation, five out of the ten give 
differences of 8% or less, and agreement is almost exact 
for steels containing Nb (or Nb + B) at 950° C as well. 

The general conclusion is, therefore, that agreement 
between calculated and observed proportions of 
austenite and ferrite is likely to be very good for 
alloys in which most or all of the carbide is dissolved, 
i.e. which satisfy nearly or exactly the condition 
assumed for the calculation of simple equilibrium 
between two phases. 

Since the partition of alloy elements follows quite 
simply from the percentages of austenite and ferrite 
and the composition of the steel, the compositions 
of the two phases in equilibrium can easily be calcu- 
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Table VIII 


APPROXIMATE AMOUNTS OF ALLOY ELEMENTS 
EQUIVALENT TO 1-5 wt-°, Ni at 1150°C 


(1) Austenite formers—substitute 








Element wt-% 
Carbon 0-07 
Nitrogen 0-13 
Manganese 1-01 
Copper 2-12 
Nickel 1-5 








(2) Ferrite Formers*—add with Ni 








Element | Wt-% 
Titanium 0-38 
Phosphorus 0-36 
Vanadium 0-75 
Niobium 2-85 
Molybdenum 2-75 
Tungsten 5-11 
Aluminium 0-84 
Silicon 2-30 
Chromium 11-00 











*In the case of strong carbide formers, these values only apply 
when all carbide is dissolved and only a/y equilibrium is involved 


lated. It should only be considered to apply to the 
highest accuracy to cases where there is no carbide. 
As an example, the results are given for steel 2 from 
Table VI. This partition of alloy elements is given in 
Table VII which shows very well the general tendency 
for ferrite formers to segregate into that phase and the 
austenite formers to segregate into austenite. The 
extent of the segregation is more pronounced the 
greater the ‘ strength ’ of the alloy element in the one 
capacity or the other. 

Estimation of Structure as a Basis for Selection of 

Compositions 

In considering the possible composition limits for a 
steel, or an experimental series of steels, it may be 
useful to check in advance whether the proposed 
range of compositions is likely to give a desired struc- 
ture. This would be useful, for example, in cases in 
which a number of alloy elements is present and in 
which some of these elements have a pronounced 
effect as ferrite or austenite formers. 

A suitable approach would be to consider a com- 
position which would give a structure as nearly ferritic 
as possible (ferrite formers high and austenite formers 
low), and a composition at the opposite extreme. The 
mean composition and the compositions for maximum 
and minimum amounts of carbide could also be con- 
sidered. 

Calculations of this kind can also be applied to the 
stated composition ranges of standard or patent 
specifications. Some use has been made of the method 
for this purpose. 


A Note on the Equivalence of Alloy Elements 

The substitution of one alloy element for another 
on the basis of simple equivalence referred to in the 
Introduction is generally found to be correct over 
limited ranges of composition and temperature. This 
would follow at once even for dilute solutions or low- 
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alloy steels from equations (1) to (4). Its effect is 
indicated in Table I] where, for example, the amounts 
of phosphorus and silicon to give an alloy which is 
just austenitic at 1150° C are in a different ratio to 
each other from the corresponding values for 950° C. 
For high-alloy steels there are undoubtedly wide 
departures from conditions which can justifiably be 
represented by the equations. 

For limited ranges of composition and temperature 
useful factors of equivalence can, however, be tabu- 
lated. An example is given in Table VIII which is 
derived from Table II. It was required to find the 
weight percentages of alloy elements equivalent to 
nickel at solution treatment temperatures, and 1150° C 
was chosen. Substitution of the various elements for 
Ni on this basis would be most successful for low 
concentrations, although 1-5°%, Ni is balanced by no 
less than 11% Cr. 

The theory upon which the calculations described 
above were based may also be used to give simple 
factors of equivalence for limited application. 


CONCLUSIONS 


(1) Reference to the empirical classification of 
binary iron alloys (Wever), and to the theoretical 
-alculation of phase boundaries (Zener), leads firstly 
to some empirical and semi-quantitative observa- 
tions. It is suggested that a thermodynamic quantity 
AH, which occurs in the theory of Zener and others, 
and which is characteristic in magnitude and sign 
of the alloy element, should be called the * relative 
strength’ of the alloy element in its capacity as a 
ferrite former (AH positive) austenite former (AH 
negative). For ferrite formers, AH is approximately 
inversely proportional to the composition halfway 
between the a- and y- boundaries at 1050° C,. 

(2) The qualitative effect of the simultaneous 
presence of several alloy elements is described and a 
corresponding quantitative development of the theory 
outlined. In their original form, however, the equa- 
tions cannot be conveniently applied to an actual steel 
of arbitrary composition containing a considerable 
number of alloy elements. A simple development from 
the equations shows that they are equivalent to the 
statement that, at constant temperature, the bound- 
aries of the a- and y-phases in equilibrium are straight 
lines in ternary systems, planes in quaternary systems, 
and their equivalent (hyper-planes) in higher-order 
systems as represented by analogous equations. In 
general, these equations are not satisfied at a given 
temperature if the composition of the steel is inserted 
(i.e. in general the alloy is not on a phase boundary). 
Temperatures at which the equations are satisfied can, 
however, be found by a graphical method. These 
temperatures give the transformation range for the 
steel except that carbide equilibrium may (and often 
does) intervene to make the lower temperature 
(a/a + y) metastable. 

(3) If a steel is two-phase, austenite plus ferrite, at a 
given temperature, a further development of the 
theory enables the proportions of these phases and 
their composition to be calculated. This process 
amounts to defining a ‘tie line’ in a system of any 
number of components, given that it passes through a 


DECEMBER, 1956 





OE 


NV 
Inst 
the 

H 
firm 
wor 
the. 
his 

com 
Fou 
Mr. 
war. 
At 


DEC 


re 
u- 


he 


of 
cal 
tly 
va- 
ity 
rs, 
ign 
ive 
3a 
\H 
ely 
yay 


MUS 
da 
ory 
ua- 
reel 
ble 
om 
the 
nd- 
ght 
ms, 
‘der 
In 
vel 
ted 
ry). 
pan, 
ese 
the 
ften 
ture 


ata 

the 
and 
cess 
any 
cha 


1956 





ANDREWS: TRANSFORMATION TEMPERATURES AND EQUILIBRIA 27 


fixed point representing the mean composition of the 
two-phase aggregate. 
(4) Some examples of practical applications are 
given: 
(i) Some steels containing }° Mo and increasing 


> 


amounts of phosphorus were examined. Agree- 
ment between calculated a + y/y transformation 
temperatures and the end of the transformation 
range as determined dilatometrically is considered 
to be generally good. The lower temperature as 
calculated is metastable owing to carbide formation. 
These results lead to the following conclusions: 

(a) The solubility of phosphorus at the heat- 
treatment temperature (930° C) in the steels of this 
type is about 0-05 % 

(b) If equilibrium was between y and phosphide 
instead of « + y as calculated, the solubility cannot 
be greater than 0:05° . The % + y equilibrium is 
more likely 

(c) The method effectively takes care of minor 
variations in the amounts of other alloy elements 
(especially carbon) so that any effects due to these 
elements are less likely to obscure effects of the par- 
ticular element whose variation is being studied 

(d) The results are consistent with the mechanical 
properties of the steels 

(e) Some general aspects of the effect of phos- 
phorus in steels have also been noted. 

(ii) Steels containing chromium can be dealt with 
over limited ranges of composition and tempera- 
ture. In this case a number of steels containing 
7% Cr and varying amounts of Mo and other 
elements have been examined. ‘These steels were 
generally duplex at the solution temperatures 
(950° and 1050° C). Good agreement is obtained 
between the calculated proportions of ferrite and 
austenite in equilibrium and the amount as deter- 
mined microscopically. Agreement is best when all 
carbide is in solution, but less satisfactory when 
some is undissolved. The calculation becomes 
generally unreliable when strong carbide formers 
(Ti, Nb, etc.) are present. An example of the 
partition of alloy elements is given. 

(iii) The range of compositions proposed for a 
steel, e.g. for experimental purposes or covered by a 


~é 


specification, can be reviewed and the possible 
range of structures indicated in advance. 

(iv) Some observations are made about the 
choice of factors representing the equivalence of 
different alloy elements. 
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OBITUARY 


Harold Shillitoe, J.P. 


Mr. Harold Shillitoe, a Member of The Iron and Steel 
Institute since 1914, died on 7th September, 1956, at 
the age of 74. 

He received his early training with a city merchant 
firm, and later served as Manager of a refractory brick 
works on the Continent for 12 years. In 1917 he founded 
the company of which he remained in active control until 
his death, British and Continental Traders Ltd. The 
company was created in association with the Glanmor 
Foundry Co., Ltd. (now Gianmorfa Ltd.), of which 
Mr. Shillitoe was a Director until shortly after the 
war. 

At a recent meeting of the Verein deutscher Hisen- 
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huttenleute, it was mentioned that Mr. Shillitoe was the 
oldest foreign member: at the time of his death he had 
been a member for 52 years. In view of his active 
participation in various international trade associations, 
dealing with tinplate, rails, and other products, he was 
able to render very valuable service to The Iron and Steel 
Institute in the organization, in co-operation with the 
late Mr. Richard Elsdon, of a number of the Institute's 
meetings on the Continent. 

Mr. Shillitoe played an active part in local govern- 
ment, being a Borough Councillor for over 20 years, a 
Manager of the Potters Bar Hospital, which he helped 
to found, and a Justice of the Peace. 
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The Effect of Leakage 


on a Sinter-plant Fan 


Introduction 
RESULTS OBTAINED during a recent sinter-plant 
assessment trial showed that a large proportion of the 
air handled by the sinter-plant fan arose from the 
leakage of air into the fan system and that the actual 
air available for sintering, i.e. the air flow through the 
bed, was in most cases only 50% of the total fan air. 
It was envisaged that by eliminating this leakage, an 
increased airflow through the bed, a saving in fan 
power, or a combination of both could be achieved. 
This paper has been written to show the effect, at 
various plant-operating conditions, of both increasing 
and decreasing the present leakage on the airflow 
through the bed and the fan-power requirements. 
The calculations are based on test data obtained 
during a B.I.8.R.A. sinter-plant assessment trial made 
during December 1954, and refer to the fan installed 
on the plant for which the makers’ suction-volume 
characteristic curve is shown in Fig. 1. The range of 
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Fig. 1—Sinter-plant fan characteristic at 120°C. Vanes 
fully open and 750 rev/min 
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By H. Bates, B.Sc. 


SYNOPSIS 

The leakage of air into a sinter-plant fan system can account 
for nearly half the volume flowing to the fan. Calculations were 
carried out to determine whether by eliminating this leakage an 
increase in bed airflow, a saving in fan power, or a combination of 
both could be achieved. It was found that there was an optimum 
leakage value to give maximum airflow through a sinter bed. 
Total elimination of leakage together with cooling of waste gases 
should allow increased outputs to be attained. 1362 


leakage covered in the paper is from no leakage up to 
25% more than the leakage as measured during the 
assessment trial. 


List of Symbols 


V; Air volume through the bed, ft?/min at 60° F 
and 30 in. Hg 

V2 Leakage air volume, ft*/min at 60° F and 30 in. 
Hg 

V3 Total fan volume, ft*/min at 60° F and 30 in. Hg 

S, Strand suction, in. w.g. 

ye Pressure loss between strand and fan, in. w.g. 

S; Fan inlet suction, in. w.g. 

T, Av. temperature of waste gases leaving the bed 
v ’ 

T.(15) Temperature of leakage airflow, ° C 

i's Waste-gas temperature at fan inlet, ° C 

ig Av. bed permeability, B.P.U. 

A(720) Area of strand, ft? 

h Bed height, in. 

K, Leakage constant 

Ks, Pressure loss factor 


DATA DERIVED FROM THE ASSESSMENT TRIAL 
Leakage Constant K, 

The leakage volume J}, was given by the expression 

ee | 


where the value obtained for the constant K, was 
11,300. 

Therefore, if the present plant leakage was reduced 
by 25% the new leakage constant would be 0-75 x 
11,300 = 8475 and so on. 





Paper IM/S/24/56 of the Sinter Committee of the 
Ironmaking Division of the British Iron and Steel 
Research Association, received 28th September, 1956. 
The views expressed are the author’s and are not neces- 
sarily endorsed by the Committee as a body. 

Mr. Bates is with the Division’s Laboratory at Nor- 
manby, Middlesbrough. 
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Pressure Loss S, 

The pressure loss S, between the strand and the 
fan, which included the cyclone dustcatchers, was 
found to be given by 
. — eee ee ee 

S, == K, KOR X.F Pi . 288-5 
where the value obtained for the factor K, was 2-4. 


Average Temperature of Waste Gases Leaving the Bed 
1 

The actual temperature of the waste gases at the 
fan inlet 7’, depends on the average temperature of 
the waste gases leaving the bed 7’, their volume V,, 
and on the volume V, and temperature 7', of the 
leakage airflow which acts as a coolant. In all calcu- 
lations 7’, has been taken as 15°C. From the actual 
fan inlet temperatures, total fan volumes, and leakage 
volumes measured during the assessment trial, a 
simple heat balance established the value of 7’, as 
between 180° and 210°C when sintering was just 
complete at the end of the strand. Therefore in the 
initial calculations 7’, has been taken as 200° C. Later 
calculations were made with values for 7’, of 150° and 
250° C. As the transit time of the gases from the bed 
to the fan inlet is very short, any temperature drop 
in the mains has been neglected. 


METHOD OF APPROACH 

To determine fully the effect of different amounts of 
leakage on the fan system, it is necessary to cover a 
wide range of plant-operating conditions. Apart from 
leakage, the three major plant-operating variables 
which determine the position on the fan suction/ 
volume characteristic at which the fan will operate 
are: 

(1) Average bed permeability, P 

(2) Bed height, h 

(3) Average temperature of waste gases leaving the 
bed, 7; 

Table I shows the range of these variables covered 
in the report, each vertical column representing one 
set of plant-operating conditions. 

For each set of plant-operating conditions, calcula- 
tions were made, using the six leakage constants 
shown in Table II, to determine the effect of both 
reducing and increasing the present plant leakage on 
the fan performance and hence on the airflow through 
the bed. 


METHOD OF CALCULATION 


The suction under the strand S, corresponding to 
an airflow V, through a bed height A and permeability 








Table I 
PLANT-OPERATING VARIABLES 
| Plant-operating Conditions 
Operating 3 ss 
Variable | 
| 1 | 2 3 4 5 | 6 | 7 
FP, B:P.U. 30 40 50 50 50 50 | 50 
h, in. 12; 12 12 | 10, 14 | 12; 12 
Ra Ge 200 | 200 200 200 | 200 | 150 250 
| 
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Table II 
LEAKAGE CONSTANTS USED IN THE CALCU- 
LATIONS 
| 
Leakage Constant K, Description | 
14,125 25°, increase in leakage | 
11,300 Present plant leakage | 
8475 25°, reduction in leakage 
5650 50°, ” ” ” 
2825 yb ay *” % ” 
0 100°, ” ” ” 








P was calculated from the permeability equation 
P Vi * yr 
A\S, 


From S, the leakage air volumes V, for the different 
leakage constants K, shown in T'able II were obtained 
from the leakage equation (1). The total volume at 
the fan V, for each leakage was then obtained by 
adding V, to the appropriate value of V4. 

As the specific heat of air is practically constant up 
to 200° C, the temperature of the waste gases at the 
fan inlet 7’, for each value of V, and V, was given by 

ViT, + Vals 
"in 


where A 720 ft?. 


T's 
where T’", = 15°C 
Then, substituting the values of 7', and V, in the 
pressure-loss equation (2) gave S, from which 
S, =8, +S 


The calculation was repeated using different values 
of V, and keeping P, A, and 7’, constant. Thus, for 
varying amounts of leakage, the fan inlet conditions 
V,, S;, and 7',, required to give different airflows 
through the bed are obtained for a particular set of 
plant-operating conditions. However, there is only 
one set of fan inlet conditions at each leakage, 
corresponding to a particular value of V,, which will 
satisfy the existing fan characteristic curve. To 
determine this value of V,, it was necessary to plot 
the calculated values of V4, S;, and 7’, for different 
airflows through the bed, on the fan characteristic 
curves for varying fan inlet temperatures. In this 
respect it is interesting to note that for given values 
of K,, h, P, and 7', the fan inlet temperature 7', was 
practically constant over a wide range of airflows 
through the bed. 

RESULTS 

Figure 2 shows the fan suction/volume charac- 
teristics for fan inlet temperatures between 60° and 
250° C with the volume expressed in cubic feet per 
minute at 60° F and 30 in. Hg (i.e. 8.T.P.). The fan 
inlet conditions V3, S;, and 7';, required at varying 
leakages, for airflows through the bed of 35,000 and 
40,000 ft?/min (S.T.P.) and plant-operating conditions 
1 (see Table I) are shown in Fig. 3 plotted on the fan 
characteristic curves. In Fig. 3 points B and B, are 
the fan inlet conditions required for airflows through 
the bed of 35,000 and 40,000 ft?/min (S.T.P.) respec- 
tively, when the leakage constant is 14,125, which 
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Fig. 2—-Sinter-plant fan characteristics for varying fan 
inlet temperatures 


corresponds to a 25°, increase in the present leakage 
(see Table II); similarly, for points CC, etc. down to 
GG, which gives the fan inlet conditions required when 
the leakage is eliminated. As the temperature along 
the line BB, is 75° C, the point 6, at which BB, cuts 
the fan characteristic curve for a fan inlet temperature 
of 75° C, is the actual point at which the fan would 
operate at plant conditions 1 (see Table 1) and with a 
25°, increase in the present leakage. ‘The airflow 
through the bed at point 6, obtained by interpolation, 
is 37,800 ft?/min (S.T.P.). Bed airflows for points 
c, d, e, f, and g are obtained in a similar way. ‘To 
facilitate interpretation of the results the values for 
airflow through the bed at different leakages obtained 
by the method shown in Fig. 3 for the plant-operating 
conditions shown in Table I have been replotted in 
Figs. 4, 5, and 6. Figure 4+ shows the effect of varying 
plant leakage on the airflow through the bed, for 
average bed permeabilities of 30, 40, and 50, h and 
7’, being constant. Figure 5 is for bed heights of 10, 
12, and 14 in. with P and 7’, constant, and Fig. 6 is 
for average waste-gas temperatures leaving the bed 
of 150°, 200°, and 250° C with P and h constant. 


Effect of Leakage on the Airflow through the Bed 


It will be seen that the curves shown in Figs. 4, 5, 
and 6 have similar trends and that, in general, the 
optimum percentage reduction in the present leakage 
to give maximum airflows through the bed with the 
existing fan is 50%. Assuming the air requirements 
per ton of raw mix to be constant, the increase in 
sinter output obtained by this reduction in leakage is 
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Fig. 3—Effect of varying leakage on the airflow through 
the bed for plant-operating conditions P -- 30 
B.P.U., h = 12 in., and T, = 200° C 


in the range 1-3. The horizontal broken lines, 
drawn from the points on the curves corresponding 
to the present leakage, indicate the limiting percentage 
to which the leakage can be reduced while still main- 
taining the airflow through the bed, and hence sinter 
output, at its present value. This percentage increases 
with increasing bed permeability and decreases with 
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ig. 5—Effect of varying leakage on the airflow through 
the bed for bed heights of 10, 12, and 14 in. with P 
and T, constant at 50 B.P.U. and 200° C 
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increasing bed height and average waste-gas tempera- 
ture leaving the bed. 

Over the range of plant-operating conditions 
examined, any increase in the present leakage results 
in a decrease in the airflow through the bed. 


Effect of Leakage on the Power Requirements at the 
Fan 
Figure 7 shows the fan power requirements per 
1000 ft? of air drawn through the bed at varying 
leakages, for permeabilities of 30, 40, and 50 B.P.U. 
as a percentage of the requirements when the plant 
is operating at the present leakage. As the power 
requirements for the bed height and waste-gas tem- 
peratures considered in the paper were comparable 
with those shown in Fig. 7, they have not been 
included. From Fig. 7 a 50°, reduction in leakage 
which, as already shown, gives a 1-3°, increase in 
sinter output, results in approximately a 25°, saving 
in fan power requirements. Further reduction, 
although leading to an even greater saving in power 
(i.e. approximately 45% at no leakage) may result 
in a decrease in sinter output as shown by Figs. 4, 
5, and 6. 
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Fig. 6-—Effect of varying leakage on the airflow through 
the bed for average waste-gas temperatures leaving 
the bed of 150°, 200°, and 250° C with h and P constant 
at 12 in. and 50 B.P.U. 
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Fig. 7—Fan power requirements per 1000 ft® of air drawn 
through the bed expressed as a percentage of the 
present requirements 


In general, therefore, although a considerable saving 
in fan power requirements can be obtained by pro- 
gressively reducing the present leakage on the existing 
fan, the increase, if any, in the airflow through the 
bed is very small. The next step is therefore to 
determine how some of this power saving can be 
utilized to increase the airflow through the bed and 
hence the sinter output. 


METHODS OF INCREASING THE SINTER OUTPU1 


The reduction of leakage results in an increase in 
the waste-gas temperatures at the fan inlet and hence 
a deterioration in the fan performance as shown by 
Fig. 2. Thus, for most of the plant-operating con- 
ditions examined, any advantage which might have 
been gained by reducing the leakage was offset by the 
decrease in fan performance; hence the increase in 
airflow through the bed was negligible. Therefore, for 
any substantial increase in sinter output either a 
modified fan is required to give a higher performance 
at high fan inlet temperatures or the waste gases 
leaving the bed must be cooled before entering the 
present fan. The first would entail the installation 
of a completely new fan or the modification of the 
present fan impeller. The second involves either the 
introduction of a heat exchanger into the system or 
the spraying of water directly into the hot gases in 
the main. The use of a heat exchanger has not been 
considered as it is likely to create an excessive pressure 
drop when dealing with the volumes of air encountered 
on a sinter plant. 


Water Spraying to Cool the Waste Gases before Entering 
the Fan 
The calculations were based on the following data: 
The total heat required to raise | lb of water at 
15° C to steam at 100° C is 1123 B.t.u., and its volume 
at 100° C is 27 ft®. Expressing this volume at 8.T.P. 
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Fig. 8—Fan inlet conditions V,, S,, and T, when using 
water cooling to reduce the temperature of the 
waste gases to 100° C for plant-operating conditions 
P= 60 B.P.U., h = 12 in., and 7, = 200°C 


conditions gives 1 lb of steam at 100° C as occupying 
21 ft* S.T.P. 

All the calculations have been made for zero leakage 
conditions and assuming that the temperature of the 
gases at the fan inlet has been reduced to 100° C after 
the cyclone dustcatchers (i.e. the pressure drop from 
the strand to the fan has been calculated on the initial 
temperature of the waste gases leaving the bed). A 
temperature of 100° C has been chosen so that further 
cooling of the moist waste gases can take place in the 
fan without them reaching their dewpoint, which in 
most cases will be approximately 60° C. 

Example of the Calculation 
Given that 
Average bed permeability P = 50 B.P.U. 
Average temperature of waste gases 7', = 200° C 
Bed height h = 12 in. 
A volume of 60,000 ft? (S.T.P.) leaving the bed at 
200° C has a total heat content of 
60,000 x 6-65 B.t.u. 
The total heat content of 60,000 ft? at 100° C is 
60,000 xX 3-325 B.t.u. 
Therefore the amount of heat to be removed by the 
water to reduce the temperature of 60,000 ft?/min of 
the waste gases from 200° to 100° C is 
200,000 B.t.u./min 
The weight of water required 
200,000 ; 
we. Ib/min 
or 17-8 gal/min 
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The volume of steam produced expressed in ft*/min 
(S.T.P.) is 

178 x 21 = 3738 ft?/min; 
thus the total volume at the fan is 63,738 ft®/min 
(S.T.P.) and the fan inlet temperature 100° C. 

From the previous calculations the suction required 
at the fan S, for 60,000 ft*/min (S.T.P.) through the 
bed under zero leakage conditions for P = 50 B.P.U. 
and h = 12 in. is 29-5 in. w.g. 

Therefore, the fan inlet conditions V3, S;, and 7’; 
when using water cooling to reduce the temperature 
at the fan inlet to 100° C are 63,740 ft/min (S.T.P.), 
29-5 in. w.g., and 100° C, respectively, assuming that 
there is no pressure drop across the water-spraying 
device. 

Repeating the calculation for 65,000 and 70,000 
ft/min (S.T.P.) through the bed gives values of V3, 
S,, and 7’, when using water cooling as 69,040 ft?/min 
(S.T.P.), 33-9 in. w.g., 100°C and 74,350 ft?/min, 
38-2 in. w.g., 100° C, respectively. 

These values of V, and S, are plotted on the fan 
characteristic curves as shown in Fig. 8. As the 
temperature 7’, is constant for all values of V3 and 
S, the position at which the fan will operate is given 
by the point B where the line through the points V8, 
cuts the fan characteristic curve for a fan inlet tem- 
perature of 100°C. The airflow through the bed at 
point B is 66,400 ft*/min (S.T.P.). The volume of 
steam is given by subtracting this value from the 
actual fan volume at B, which is 70,500 ft?/min 
from which the cooling water requirements are 
approximately 19 gal/min. The volume of air drawn 
through the bed under present leakage conditions for 
P = 50 B.P.U., h = 12 in., and 7, = 200° C is given 
by Fig. 4 as 58,000 ft®/min (S.T.P.), therefore the 
increase in output obtained by eliminating the leakage 
and using water cooling is 14-5%. The fan power 
requirement with the present leakage is 1240 b.h.p.; 
by eliminating the leakage and using water cooling 
it is 840 b.h.p., ie. a saving of 32-3%. Thus, when 
operating with a mix of average bed permeability 
50 B.P.U. and bed height 12 in., a 14-5% increase 
in the present output can be achieved with a 32-3% 
saving in present power costs by eliminating the 
leakage and cooling the waste gases at the fan inlet 
to 100°C. The percentage increase in output and 
percentage saving in power costs at other plant- 
operating conditions are shown in Fig. 9. It will be 
seen that in all cases the present outputs can be 
increased by eliminating the leakage and cooling the 
waste gases before they enter the fan. The increase 
obtained depends on the permeability, bed height, and 
the temperature of the waste gases leaving the bed. 


Use of Water Sprays under Present Leakage Conditions 

It is interesting to contemplate what effect the use 
of water sprays would have on the airflow through the 
bed under present leakage conditions. For plant- 
operating conditions 3 (see Table I) the airflow 
through the bed at the present leakage is given by 
Fig. 4 as 58,000 ft®/min (S.T.P.). The corresponding 
fan volume and temperature are 11,600 ft®/min 
(S.T.P.) and 108° C, respectively, and the dewpoint 
of the waste gases at the fan inlet calculated on a raw 
mix moisture content of 6% is 37°C. Cooling the 
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waste gases by water sprays results in only a small 
increase in the dewpoint, i.e. when cooling to 58° C 
the dewpoint is 45°C. Therefore, allowing a 40° C 
margin for further cooling in the fan, as in previous 
calculations, the waste gases can be water-cooled to 
approximately 80°C, This results in an airflow 
through the bed of 60,000 ft/min (S.T.P.), which 
corresponds to a 3-5°%% increase in the present sinter 
output. Although this is 25° of the increase obtained 
when using water sprays under no leakage conditions 
(see Fig. 9), it must be borne in mind that the lower 
the initial temperature of the waste gases, the more 
difficult it is to cool them, owing to the lower tempera- 
ture gradient between the water and the hot waste 


gases. 


Effect of Pressure-loss Factor K, on Sinter Output 

In all the calculations so far, the pressure loss 
between the fan and the strand S, has been calculated 
from equation (2), in which the value for the pressure- 
loss factor K, of 2-4 was that measured during the 
assessment trial. As most of the pressure loss occurs 
across the dust cleaning equipment, its magnitude 
will depend to a large extent on the type of equipment 
used. It was thought useful to calculate the effect 
on the sinter output at varying leakages of different 
pressure-loss factors. Values for A, of 1-2 and 3-6 
were used in the calculation, corresponding to a 50% 
decrease and increase respectively in the present 
pressure-loss factor. The curves obtained for the air- 
flow through the bed with the above pressure-loss 
factors were similar in trend to those shown in Figs. 
4, 5, and 6, the optimum reduction in leakage to give 
the maximum sinter output being approximately 
50%. The results showed the influence of the pressure- 
loss factor on the sinter output was small, a 50% 
decrease in the pressure-loss factor being accompanied 
by a 3% increase in output and vice versa, and that 
the amount by which the leakage can be reduced 
while still maintaining the output increases with an 
increase in the pressure-loss factor. 


CONCLUSIONS 


(1) For each set of plant-operating conditions there 
is an optimum leakage value to give the maximum 
airflow through the bed. Over the range of operating 
conditions examined this corresponded to a 50% 
reduction in the present leakage. 

(2) Reducing the leakage further, although resulting 
in a considerable power saving, gives bed airflows 
which in some cases are less than those obtained with 
the present leakage. 
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costs, obtained under conditions of no leakage and 
with the waste-gas temperature reduced to 100 C 
by water sprays, expressed as a percentage of the 
values obtained under present leakage conditions 


(3) Assuming a constant air requirement per ton of 
raw mix, the increase in sinter output obtained by a 
50% reduction in the present leakage varies from 1° 
TOS So 

(4) The amount by which the leakage can be reduced 
while still maintaining the output at its present value 
increases with increasing bed permeability and pres- 
sure loss factor, and decreases with increasing bed 
height and average waste-gas temperature leaving the 
bed. 

(5) The total elimination of leakage and cooling of 
the waste gases by water spraying before they enter 
the fan allows increased outputs to be obtained, the 
increase obtained depending on the plant operating 
conditions. For example, if the plant was operating 
on a mix of average bed permeability 50 B.P.U., a 
12-in. bed height, and a waste-gas temperature leaving 
the bed of 200° C, then by eliminating the leakage and 
cooling the waste gases to 100° C before entering the 
fan, an increase in the sinter output of 14-5°% could 
be expected. If, however, the average temperature 
leaving the bed was 150° C, only a 9-7°%, increase in 
output could be expected. In other words, eliminating 
the leakage and cooling the waste gases before the 
fan is more effective when the plant is operating at 
high temperatures and permeabilities and low bed 
heights. 
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Sintering Characteristics 


By P. K. Gledhill 


ofa 
and C. Lang 


Cleveland Ironstone 


THE IRON in Cleveland ironstone is present essen- 
tially as ferrous carbonate and this, together with free 
and combined moisture, gives considerable loss on 
ignition amounting to about 25% by weight of the 
stone. Calcining is used to process a portion of the 
ore used, but whilst it decomposes the carbonate and 
drives off the moisture, no removal of sulphur, present 
as pyrites in the stone, takes place. A series of tests 
have been made to assess the sintering characteristics 
of the ironstone with particular attention given to the 
question of sulphur elimination. 


MATERIALS USED 
The Cleveland ironstone fines used had the following 
size and chemical analyses: 


: +hin. +}in. +hin. + in. +HXin. —Hin. 
Cumulative 


Percent 3:9 26:4 54-8 70°3 79:3 20-7 
FeO, %  Fe:0s,% Si0%,%  (a0,% AlOs,% MgO, % 
35-74 2-28 14-5 5-35 11-63 3-96 
MnO, % 8, % P.0s, % CO:,% Comb. H:0, % 
0-42 0-52 0-96 19-14 4-74 
The return fines were obtained from the previously 
produced sinters and were 100% — } in. and 75% 
—}in. The coke was normal coke-oven breeze rod- 
milled to — 4 in. The limestone taken from the 


blast-furnace wagon line was crushed to — 7; in. 
before use. 


SINTERING 


The raw materials were hand-mixed on the floor 
and then loaded into the ‘ segregated ’ teed box. In 
the sinter box of grate area 4 ft?, a bed height of 
10 in. was used for these tests. Ignition time was 
1 min at a coke-oven-gas flow of 20 ft?/min (C.V. of 
gas = 467 B.t.u./ft®). The waste-gas flow was kept 
constant during ignition at 155 ft/min; thereafter 
the suction under the bed was held constant at 20 in. 





Paper IM/3/7/56 of the Sinter Committee of the Iron- 
making Division of the British Iron and Steel Research 
Association, received on 18th September, 1956. The 
views expressed are the authors’ and are not necessarily 
endorsed by the Committee as a body. 

Dr. Gledhill is a member of the Central Research 
Department of Dorman Long (Steel), Ltd., and Mr. Lang, 
who was formerly with the Iron Making Division of 
B.1.S.R.A., is now a member of the Atomic Energy 
Authority. 
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SYNOPSIS 
A series of sinter tests has been carried out on a Cleveland 
ironstone to assess its sintering characteristics. Particular attention 
has been given to the sulphur content and state of oxidation in 
the finished sinter. 1356 


until sintering was completed. For the experiments 
using preheat the box was kept under the ignition 
hood for a further 5 min after ignition, whilst burning 
a measured quantity of coke-oven gas equivalent to 
about 14 therms/ton of raw mix; the approximate 
temperature of preheat was calculated from the 


calorific value of the gas and from the volume of 


waste gas passing through the suction box. 


VARIABLES EXAMINED 


The variables investigated were moisture, coke, and 
return fines content (group I) and the effect of preheat 
(group II). The effect of replacing 12% of the iron- 
stone by limestone to give a sinter with a (CaO + 
MgO)/SiO, ratio of about 1-1 was also examined 
(groups III and IV). 


RESULTS 


The results are summarized in Tables I and I]. 
Curves of permeability during sintering for one 
representative sinter from each group are given in 
Fig. 1. In general the pre-ignition and trough perme- 
abilities were high. For group I sinters, permeabilities 
did not recover quickly from the trough, sintering 
times were long, and the air requirements per ton of 
raw mix were high at an average of 51,300 ft? 8.T.P. 
A moisture content of about 11% by weight of the 
raw mix was found to be the most suitable for sinter- 
ing. Good sinters were produced with 4% coke (dry 
mix basis); higher values of coke gave an improved 
yield of + 4 in. sinter and higher strength figures 
but showed a tendency to slag on the bottom layers. 
At the 4% coke level, the weight of — } in. sinter 
cake produced was equal to the weight of this size 
required for return fines, when the proportion of 
return fines in the mix was at approximately 30%. 
This. amount has, therefore, been used with the 
exception of two tests at 20% and 40% levels. There 
was little change in the sintering characteristics at 
the 20% level, but the 40% level did show a decreased 
sintering time. The use of preheat (group IT sinters) 


DECEMBER, 1956 





DECE 


iter) 
oS 
~~ 














StvP | 

















uw 
— 
ee | 
= 
be 
” 
£ 
|) 
tu 
bb 
” 
#21 os re fos 6£ $zz 19 ize | 001 68 000‘0F PI 8 ps € or - £:S¢ | OZ | iBayerg pus =) 
u10}30q UO BRIS 00F ZI OL f0z fe9 se foe £9 _BS #Z01 406 0L6'0F ial 98 es b “ e bes |) 6r au0jsauly Ty 3 
Busses oN 09F | or SL SI OL | OF of t19 tor | $6 | 88 080'IF {Pr 8 "9 ” >: sz *AI dnoip 2 
—— _ LJ —— — _ —_ = ° 
ia | 79 €Z 'z9 em | ite tL sg #Z01 $66 0f6' It 4 | 08 wz suonIppy oe 
4103}30q uo Sus fer £9 | Gz foe | Se | o¢ +9 for | 146 16 028'9£ ZI £8 . . ss - S LI auo}seulyT w 
oI | 69 | 6% isp we | te $2 | 9s | fzIt | fsor oro'ze II £8 = ¢ “Lur si ees IE | tay dnoip s 
: = ee —_ - : va 
- a r re) 
~ p21a}U}suN BUI0S sos at f¢9 16 for fer mé4 rs Le $201 #08 O7F'L9 fsz zs - z . 8 89 91 uy ¢ “a 
A, OFF SI $9 #8z #09 fog fez Sg th fZ41r | fI8 osz‘e9 sz 98 “e € ” - 49 SI Jo} ses < 
=) SuSBvis wyBHIS SSP fer 69 ez | #99 | 99 $9z fos zw 7Z7I_ | fez 0276S oz £8 “4 <j = as tI U2A0-3909 Z 
a 1103}30q U0 passus Ors #11 {ZZ #1Z 49 irs 8Z 9¢ se ¥ZeI zs 0zs'79 {pz 98 - = Me of 99 6 oJ § }BOYIIg s 
Z ow Aa | 711 dnoip 5 
S = 
z | WIIG | 
— a — _ -_ - 
= eI | 69 LE $09 isp we ier flr | $6 Iz 098'9F zz 16 re) at ~ 0z 9L 8 uonETIEA 
a SI z9 isc | tps tre f1Z 99 tog | fz 96 0L8'8F EST £8 #01 t sg OF 9g £ a ie 
Re | | | | | :] dnoiy 
i) | 1 5 1S en Cee rne i ee = i 
ee a Z - aa | | l 
~~ * 1 } aA SI fzzZ | is¢ Lf fg9 _9¢ 6eI S6 OIz‘z¢ 61 ss 2 9 aan ee r9 9 
_ SujSSeys 3USIHIS | eI 99 SI $12 tis | #2z zp | fer 9% | TL 066‘ LE Be 4 88 we me pa (Mode (i ia UO}BLIBA 
o 410}30q UO pessuisg | fa st wz #89 fos | of 9 9g FL11 _b6 092'29 #7z rg - % 1 ae hs st 3909 
os 4a}U;s pooy | ra | 189 | tor #z9 cP #2z 199 ss | #zer 196 OF9'SS si 8 - ¢ * " $9 - *1 dnoiy 
7, ae = i ——— — as — 2 iy 
| 
s “uy f “ | ? 
38 pauses 310 SI iro Le SF LE fez 69 ¥09 Sz TOT O1z'ts LI ss a 4. oe 2 oe Zp zI 
a fet #19 1z fro | fss 8Z fpr OF $6 fo 0s0'sr ee 98 4 - = es * £Z 
A | 4) $z9 e€ | i9¢ oF Lz zs lt #201 LL 00¢‘6r f0z 98 s 5 on 4 * 1Z uOnBIBA 
< 49}0]S pooy bial #09 8 | os | ge | §bz fez ss Sst fS0r | 06z‘¢es 9 $8 Ir * " as * £ pre 
| 3no *] dnoipy 
< Pi 7 { c ‘ oy | ¢z11 $99 = qua | §z6 eI “ | “ | “ “ Pa 
= zy | #99 | wz #29 | fps | 8% 9s | og | teat fos OZL‘ES 1Z | €8 6 b 0¢ 99 €£ 
Q | | | i | | | 
= , Vs ‘ | | | Ca.L'S) | | | | 
5 | 1 | Uy $+ | ‘ap r+ ” ‘AV uBnosy, MOUS lupus aaa uo} sad iain | ay0D =. ‘aM | 240 | 
| Vo | | n , = 
| e | i | gf 40 i | 33/41 % | | | | 
xepuy xopuy —__—_—_—_————| “301s | “JIS | 4° 6s | “ON | 
SYIBVUIIY | | =o " | *Ajsuaq | ‘stor | 
jsng 3300.15 o uo 0} | ang 18101, | -_——- = 389. 
| % ®AMBlINUIND ssoy_T ‘aa | sjuawiaanbay oumty | | | | 
‘ os r ' 
| | @ABD 19301S ‘Ayyqvaurszeg IV o-3M ‘xT Arq | 
woHons “3° “UT OZ ‘IYSTey paq ‘ut oT *XOq p9aj poe Sa1gag 
SUALNIS ANOLSNOUI GNWIAAATO 
I 94e 1, 
J 
w 
4 
rd 
oa ad w 
a 
= 
w 
O 
w 
a 
e ose R : ow 2.0 OSes 
, . -Oodg 2 m ote © ' ha 2 oo Oxo HS Oo -) 
seee ZewOVes Zeek Rest eeechSseeesse sss as 8 
gas“ BS sgead BOS. SCH BHR Sa SETS eS EZ eS HA2se Ff 
SSeS ie ile Re ae ole Se && a al (lr Er ee Be Ww BH Koes lS —i 







































436 GLEDHILL AND LANG: CLEVELAND ITRONSTONE 
120 T T T T T T T T T T T T - 
f22GR Tm to 
100 ,/ 4 in 
4 
aol x I9 GPW 
380 / / ISGP 
x 2 
a Fd a Pr bo 
oa as ell so-7 
an 21GPI © 
2 eS A 
a 
< 
= - Wiggs aa 
wa 4OL re) Dd 7 
a 3 x 
z aw 
) a 
20 rs | 
rS ro) 
Q S 
S L 1 S 1 1 1 1 1 1 1 A 1 sin 
10) 2 4 6 8 10 12 14 1 18 20 22 24 26 
SINTERING T!ME,min 
Fig. 1—Typical permeability curves during sintering 
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24 
resulted in a slightly lower trough permeability, longer shorter sintering times; air requirements were also rin 
sintering time, and increased air per ton of raw mix. lower at about 38,800 ft* per ton of raw mix. The Pag 
The sinter produced with 3° coke and preheat was coke content of the mix was increased to 5° because " 
as good in physical quality as sinters produced with of the greater heat requirements. ‘The sinters produced om 
4% coke and no preheat. Lowering the coke to 2% appeared to be more brittle than those without lime- wit 
with preheat resulted in uneven sintering giving a stone addition and tended to break down to give sin' 
proportion of unsintered material. lumps of about 1 in. in size. are 
Limestone addition (group III sinters) gave a rapid The application of preheat to mixes containing slic 
rise in permeability during sintering with consequent limestone (group IV sinters) gave better-quality 
D 
Table II 
CLEVELAND IRONSTONE SINTERS 5 
bott 
| ] rs Fro: 
| Degree of Oxidation* Sulphur in Sinter, °, Sulphur Removal,; °% Sinter | Iron . 
Test | ae Le a 5 : Output, Output, sint 
No. , tons/ft® per | tons/ft* per -ale 
Top Bottom Top Bottom Top Bottom 24h H 24h Ti 
‘ nae ‘i sam 
4 EL. oe oe wu a es ‘as bett 
Group I: 2 90-5 0-12 81 1-38 0-492 sint 
Moisture Variation 21 91-1 92-6 0-08 0-06 87 90 1-04 0-376 sinte 
23 89-9 89-9 0-10 0-09 84 86 0-95 0-347 from 
12 92-0 91-5 0-11 0-09 83 86 1-33 0-484 
retul 
4 87-0 87:9 0-15 0-15 76 76 1140 | (O41 in th 
Group I: 18 91-1 89-9 0-13 0-19 80 70 0-86 | 0-316 oress 
Coke Variation 24 91-0 89-0 0-10 0- 85 91 0-98 | 0-365 2 
6 | 90-0 85:3 0-2 0- 68 68 0-10 =| 0-387 sivel 
| grouj 
Group I: 7 84-9 89-0 0-12 0-11 81 83 1:20 | 0-437 mixe 
R.F. Variation 8 92:2 91-6 0-11 0:08 83 88 1:17 0.417 TH 
1e 
Group II: 9 90-0 83-5 0:20 0:22 69 66 0-85 0-315 perce 
Preheat 8 ft/min of | 14 87-1 91-8 0-14 0-11 78 83 0-84 0-307 and t 
coke-oven gas for | 15 92-9 93-5 0-06 0-07 91 89 0-9 0-329 
5 min 16 94-1 94-7 0-18 0-13 71 80 0-88 | 0-317 assoc 
| Sul 
Group II: 1 89-0 90-2 0-25 0-20 55 64 1-68 | 0-534 at the 
Limestone Addition | 17 88-1 90:8 0:6 0-15 ve 73 1-54 | 0-481 
22 88-3 89-5 0-24 0-16 57 7 1-43 | @-452 lower 
| relati 
Group IV: 25 87:5 | 0:26 54 50 134 | 0-429 bias f 
Limestone and 19 91-6 88-8 0-15 0-16 74 72 1-36 so 
Preheat 200 93-4 | 0-16 | 73 | 75 1-47 0-479 of the 
appea 
3Fe,,, — Fett coke 
* Calculated from: degree of oxidation of sinter °, = “eo 100 (assuming no free iron present) simila 
(S/Fe) ore — (S/Fe) ies ee 
» Of ba Lah = sei —_— Rh 
+ Calculated from: % sulphur removal = es [he gs 
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sinter, even when the coke percentage was reduced 


to 4%. Sintering times were, however, slightly 
increased. 


OUTPUT OF BLAST-FURNACE SINTER 
The output equation for the experimental sinter 
box is 
hAB 
@ = 448 
where Q = output of blast-furnace sinter, tons/h 
h = bed height, in. — 
A = sintering grate area, ft? 


B= bulk density of mix, Ib/ft* 


(y — ¢) tons/h 


t sintering time, min 

y = yield: discharge-weight /charge-weight 

c circulating load: return-fines-weight/charge- 
weight. 


For a 10-in. bed height and for each square foot of 
sintering grate area, 
Output per ft* per 24 h 2os (y — e) tons. 
Z28t * 


The blast-furnace sinter output and corresponding 
iron units output per square foot of sintering area per 
24 h are shown in Table II. These figures are all rather 
low, owing to the low bulk density of the mixes and 
to the high loss on sintering. 

The results also show that the use of preheat results 
in a marked drop in tonnage sintered. Limestone 
additions give an increased output of blast-furnace 
sinter which more than offsets the tonnage of lime- 
stone required, and consequently the iron units output 
shows an increase, 


DEGREE OF OXIDATION AND PERCENTAGE 
SULPHUR REMOVAL 

Samples of sinter were taken from the top and 
bottom half of the sinter cake for chemical analyses. 
From the analyses the degree of oxidation of the 
sinter and percentage sulphur removal has been 
calculated (Table II). 

The degree of oxidation was variable, and the 
samples from the top section of the bed gave no 
better figures than those from the bottom. In group I 
sinters, the lowest degree of oxidation was obtained 
from the sinter made with the highest proportions of 
return fines in the mix. In group II sinters, decrease 
in the coke content when using preheat gave a pro- 
gressively higher state of oxidation, but also progres- 
sively lower strength index; this was also found for 
group IV sinters. The addition of limestone to the 
mixes did not appear to alter the degree of oxidation. 
The degree of oxidation has been plotted against the 
percentage of — } in. sinter cake produced in Fig. 2, 
and the tendency for higher states of oxidation to be 
associated with lower strength is again noted. 

Sulphur removal was over 80°, for group I sinters 
at the 4% coke level; the 5% coke level gave slightly 
lower figures, whilst the one test at 6% coke gave 
relatively low removal at 68%. There was a slight 
bias for better sulphur removal in the bottom section 
of the bed. The use of preheat at the 4% coke level 
appeared to hinder sulphur removal but when the 
coke level was reduced to 3% to give a sinter of 
similar physical characteristics to that produced with 
no preheat and 4% coke, the removal was again good. 
The sinter produced with 2°, coke contained some 
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Fig. 2—Relation ot sinter quality and degree of oxidation 


unsintered material which would affect the analysis 
figures. The addition of limestone resulted in a 
marked decrease in sulphur removal, especially in 
the top section of the bed, and in one case 
(test 17) there appeared to have been pick-up of 
sulphur. The application of preheat did help to 
improve the sulphur removal, but the results were 
not as good as for the sinters produced without 
limestone additions. 


CONCLUSIONS 

Satisfactory blast-furnace sinter was made from 
Cleveland ironstone using a raw-materials mix of 66% 
ore, 30% return fines, and 4% coke with a total 
moisture of 11% by weight. The output per square 
foot of sintering grate area was low compared to 
foreign-ore sintering owing to the low bulk density of 
the mix and to the high loss on sintering. The air 
requirements per ton of raw mix were also high at 
about 51,000 ft® S.T.P. and resulted in fairly long 
sintering times. With the above mix, over 80°% of 
the sulphur in the ore was removed. A saving of 1% 
coke was made by the use of preheat, but sintering 
time was increased. 

The replacement of 12° of the ironstone by lime- 
stone in the sinter mix resulted in improved post- 
ignition permeability and shorter sintering time. Air 
requirements per ton of raw mix were also lower at 
about 39,000 ft? S.T.P. The output of sinter was 
increased, and this increase more than offset the ton- 
nage of limestone used resulting in an increased output 
of iron units. Sulphur removal was not as efticient 
as for sinters made without limestone. The use of 
preheat again showed a benefit of 1° coke and also 
a more uniform sulphur removal, but again with a 
slightly increased sintering time. 
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THE ANNUAL GENERAL MEETING of The Iron and Steel Institute was 


held at the offices of the Institute on 16th and 17th May, 1956. 


A report 


of the meeting was published in the August, 1956 issue of the Journal (pp. 


345-348). 


A report of the discussions at the three technical sessions, at 


which twelve papers were presented, is given below. 


ACID BESSEMER PROCESS 


This discussion was based on the following papers 
entitled “ The History and Practice of the Acid Bessemer 
Steelmaking Process in West Cumberland,” by F. B. 
Cawley and D. R. Wattleworth, and “ Control in the 
Acid Bessemer Process,” by P. J. Leroy, J. G. Galey, 
and F. B. Cawley, both of which appeared in the June, 
1956, issue of the Journal (vol. 183, pp. 198-207, and 
pp. 208-224.) 

Mr. F. B. Cawley (Workington Iron and Steel Company) 
presented the first paper, and Monsieur P. J. Leroy 
(IRSID) the second. 

Mr. D. R. Wattleworth (Workington Iron and Steel 
Company): As some of our non-technical visitors may 
be disappointed that more has not been said on the 
historical side of the Bessemer process, I shall briefly 
deal with this. 

In West Cumberland we feel that we owe a very great 
debt to Sir Henry Bessemer, because, as is said at the 
beginning of the paper by Mr. Cawley and myself, if it 
had not been for the assistance and the impetus which 
he gave to the production of iron and steel in West 
Cumberland in those early years our story might have 
been totally different. That the process has been con- 
tinuously operated at one works for 79 years is surely 
a record for an industrial activity. I have made a 
quick mental calculation and I estimate that during that 
time in our plant at Workington we have made some 
20,000,000 tons of Bessemer steel, which has gone all 
over the world. 

The occasion of this centenary calls for some form of 
commemoration of this great man at Workington, and 
we have taken two steps to that end. We had a film 
which shows our present operation and some of the 
background to it. At present we are also building an 
apprentice training school for craft apprentices, and 
we have decided to call it the Bessemer Memorial School. 
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Her Majesty The Queen has graciously consented to 
open it in October of this year. 


Mr. J. Glen (Stewarts and Lloyds Ltd.): In these days, 
when the previously despised Bessemer process looks 
like reasserting itself, with or without variations of 
pneumatic processes such as side blowing or the use of 
oxygen, steam, carbon dioxide, etc., the behaviour of 
metal so treated and its control must be of interest to 
steelmakers generally, and is of extreme interest to 
Bessemer steel men. Perhaps it is unfortunate that the 
authors have compared the acid Bessemer and the basic 
Bessemer processes which in many ways are quite 
dissimilar. With the exception of those at Workington, 
steelmakers generally have very little experience of the 
acid process. I confess complete ignorance of the acid 
process though I understand something of the basic 
process. 

The main theme of the papers is a record of work done 
and the use of instruments in its completion. The 
Volume Débitgraphe seems to be a useful acquisition for 
research purposes, though it is difficult for me to 
visualize it making any great impact as a production 
tool until oxygen is in common use. 

We are told that the French converters normally 
work with a metal depth of 2 ft 4 in. to 3 ft on new linings 
but the tonnage is not stated. At Corby, the bath 
depth with a 26-ton charge on a first bottom is 2 ft 6 in. 
Our normal tonnage, however, for a first bottom is 
22 tons giving a bath depth of about 26 in. This bath 
depth continuously decreases at the start of each subse- 
quent bottom and the bath depth grows as the bottom 
wears. 

On p. 208 of the paper by Leroy, Galey, and Cawley, 
the authors say: ‘‘ Furthermore, it would be better if the 
area of the converter bottom and the blowing area were 
made as large as possible, with the outer ring of tuyeres 
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as near to the vessel lining as practicable; instead of 
tapering in towards the bottom, it would be better if the 
vessel were approximately cylindrical in this region.” 

Why would it be better? There seems to be a funda- 
mental difference of opinion on this matter. It depends 
on whether it is considered in terms of air efficiency or 
of slopping, and both these matters are dealt with by 
the authors. Their conception is probably correct 
from air efficiency considerations, but it is better from 
the point of view of slopping. The orthodox type 
commonly used in Germany and in the Corby practice 
has a circulation area which, in my view, has a beneficial 
effect on slopping, or at least provides space for dissipa- 
tion inside the vessel. In the orthodox converter there 
must be an outward circulation from the bottom. In 
the proposed converter this would not be possible; 
probably there would be a movement up the walls 
with an inward circulation allowing the metal to fall on 
the bottom, and unless the centre holes of the bottom 
are blanked off this might cause serious bottom wear. 
Again, as the bottom joint is only a poured ‘slurry ’ 
joint, any porosity allowing escape of air from the outside 
holes near the joint would cause a loss of pressure in 
these holes, with consequent metal penetration blocking 
them. In practice it is found that the present outside 
ring of holes is the one most subject to blocking, though 
this is probably due to some other reason. 

What are the authors’ views on this matter as con- 
verter design becomes more and more important with 
the increase in size of the converters? There is no 
doubt that the bath depth is critical from more than 
one point of view. Previous papers have shown the 
importance of shallow depth in the production of low- 
nitrogen steel, so that oxygen or oxide is carried further 
into the metal to prevent the increase of nitrogen. 
Because of this, it may be unwise to obtain extreme air 
efficiency. In introducing the paper, Mr. Cawley has 
told us that he does not care about reducing the nitrogen 
content, yet surely he does not want an unlimited 
increase. 

On the matter of slopping, practical observations and 
experience show that there is a certain bath level for 
any given temperature and composition at which the 
blast is effectively and fully used. At greater bath 
depths there is a pulsating effect, and the pressure 
builds up to a peak causing eruption and the blowing 
out of large pieces of material. Then the cycle is repeated. 
With shallow bath depths there seems to be a con- 
tinuous spraying of metal. In principle with, say, a 
l-in. deep bath metal and the same blowing conditions, 
much of the air would come through, whereas with a 
5-ft bath depth no air would come through. 

Metallurgical factors are referred to, and particularly 
the effect of high-silicon iron in causing heavy foaming. 
I do not find the authors’ explanation fully convincing 
or sufficiently detailed. From practical experience 
with the basic converter, the initial iron temperature 
is a factor in slopping. It is also true that high-silicon 
iron is the major factor, and heavy slopping takes place 
in the third to the fifth minute of the blow immediately 
following the silicon removal and continues into the 
early part of the carbon blow. 

In the acid process reference has been made to the 
Si/Mn ratio. In basic practice, when the manganese 
exceeds the silicon, slopping conditions are improved. 
In the FeO-MnO-SiO ternary diagram there is a low- 
viscosity trough at 1200-1250° C, occurring at 50-60% 
MnO. In the basic converter at this time the slag 
is predominantly acid; although there is little of it, 
it coats the solid unchanged pieces of lime. If the 
manganese exceeds the silicon in the iron sufficiently to 
form this very fluid type of slag, it is reasonable that the 
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converter should take air more easily and blow more 
easily. Also, possibly when the silicon exceeds the 
manganese and especially when the concentration is also 
high, free silicon, which is probably solid at that tempera- 
ture, is formed and is suspended in the metal, thus 
increasing the resistance to blast. 

Various theories can be advanced, e.g. that manganese 
silicates which are liquid are reduced by CO, giving SiO, 
which is dry and does not mix with the metal, or that 
some lime, probably the fine lime fraction, reacts with 
ferro silicates to give a considerable release of FeO to 
react with C. With high-silicon iron there is also, due 
to high temperature, a premature and vigorous carbon 
reaction. 

Three factors tend to support the CaO-FeO inter- 
change: 

(i) If NaCl or Na,CO ; is added to provide a low 
melting point base, slopping is inhibited 

(ii) If the converter is turned down for a short time 
at this stage, slopping does not take place when it is 
turned up again, indicating that certain reactions 
have taken place more slowly 

(iii) Later in the carbon removal period the con- 
verter does not slop although the contents are so thick 
that it is almost impossible to take a sample. 


The blast pressures at Workington are less than at 
Corby, where they are 29 to 30 Ib/in®. To minimize 
slopping during the early part of the blow with high- 
silicon iron, it is usually necessary to reduce this full 
blast for a short period down to 25 Ib/in?. 

The suggestion that the rise in pressure in the first 
half of the blow is caused by the viscous primary slag 
blocking of the tuyeres, and that freezing of small 
patches of metal on the tuyeres can occur, is intriguing. 
It is possible to imagine the process as one where 
temperature and purification chase each other as in the 
old puddling or iron refining processes, where the 
material goes solid because sufficient temperature is not 
available for the composition of the metal. But is 
this freezing of patches of metal on the tuyeres just a 
theory or has such a phenomenon been observed, and 
was the observation visual or by instrument? I can 
understand blocking of the outside tuyeres causing 
pressure to be lost but these are usually blocked for 
good and do not melt out again. 

It is difficult to visualize blocking of the tuyeres by 
primary slag though not so difficult to imagine freezing 
of metal on the tuyeres. It would be interesting to 
plot a composition melting-point graph against the 
temperature input graph. In the silicon removal period 
the heat input value per minute per ton is high. In the 
carbon removal period both the gross and the net 
heat input value per minute per ton are much reduced, 
the latter owing to sensible heat carried off in the waste 
gases. At the same time the composition melting-point 
is not increased nearly so much by the removal of silicon 
as by the removal of carbon. 

As far back as 1901, Hartley and Ramage made 
observations on changes in the spectrum of the Bessemer 
flames. Many years ago at Corby work was done 
with the spectrograph on this subject which showed a 
distinct change of certain sodium lines when these 
reversed from emission to absorption lines. This took 
place at about 0-12% P and on the opacimeter it takes 
place at 0-08-0:09%. The opacimeter on the first 
change probably measures what has been seen on the 
spectrograph some time ago. The opacimeter has 
not been used as a production tool at Corby, but we have 
experimented with similar instruments. These included 
an instrument with two opposed photocells sighted one 
above the other, one focused on the flame itself and the 
other on a light source. The idea was to cut out the 
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Fig. A—Determination of end point of blowing by 
instrumentation 


effect of the light source and to correct for waver of the 
photocell. That system did not work out very well 
and we tried an equipment which is virtually that 
described by Leroy et al. in the second paper. At a 
temperature of 1800° C, it was found that little light 
passed through the flame at the end of the blow and 
most of the e.m.f. was due to the brilliance of the flame. 

The latest experiment was to run with a filament 
temperature of 2600° C to reduce the swamping effect 
of the flame. In the trials there was about 75° success 
with distinct end-points and about 25% with indistinct 
end-points. The phosphorus varied from 0-028-0-040% 
with an average of 0:032%. Whilst accepting that 
experience is required to interpret the graphs, why did 
the authors chose the particular end-point shown? 
On some of the graphs I have seen there are various 
apparent end-points which tend to persist and sometimes 
it takes a few seconds to get a perpendicular line. The 
time to be sure that the correct end-point is reached 
is not as keen as might be inferred from the paper and 
from the graphs in Fig. 11. If instrumentation is to be 
of value in finishing the blow, especially if steam and 
oxygen are used, a high level of graphs having distinct 
end-points must be assured. Figure A shows the 
point at which the line turns. There are one or two 
wavy points on both lines. Why is one of those not 
chosen as the end-point if it has to be split-second 
timing? Each of the spacings is about 17 s, and there 
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are two distinct points which might be mistaken as the 
end-point. There is also a definite end-point giving a 
plateau effect which, however, takes time. 

The authors mention that the slope of the line is 
dependent upon temperature. Have they given any 
consideration to the opacimeter type of instrument 
being used for the double purpose which Monsieur Leroy 
mentioned in connection with the flame pyrometer, 
that of judging end-point as well as temperature? 
We can tell quite easily when a blow is above or below 
1630° C in this rough way. Like Mr. Cawley, I do not 
believe that a few seconds beyond the end-point makes 
the slightest difference to steel quality. What matters 
is the loss of yield and the effect on the lining life. 
In the fairly short experiments carried out at Corby 
with the photocell control, the slag iron values fell to an 
average of 11-9% as against 13-4% in the case of blows 
finished by normal visual means. The yield effect is 
always important. Another interesting point is that 
no satisfactory graphs are obtained until from 3 to 5 
blows have been made following a bottom change, which 
may be due to tar fumes being given off. While we can 
minimize variations from large particles of slag ejections, 
have the authors had trouble or erratic results from this 
cause? 

Flame pyrometer temperature control is probably 
the factor of greatest importance in the whole Bessemer 
process. At Corby these various optical instruments 
must be sighted almost flush with the converter nose, 
6 in. to Ll ft. A multiplicity of instruments sighted at 
that point would not be practical. Thus a control which 
combined both end-point indication and temperature 
indication would be beneficial. Will the flame pyrometer 
still work when using oxygen? 

In connection with the experiment at Workington on 
the loss of air through the bath, is this not perhaps aided 
by the distribution of the tuyeres in the bottom relative 
to the somewhat shallow bath depth? As already 
indicated, it seems possible that, if the bath were shallow 
enough, air should come through. This would be 
emphasized by applying the same amount of air at a few 
individual points. Referring to something said earlier, 
I think that at Workington they have in fact made not 
one circulation area but many, and have also taken the 
tuyeres away from the wall, as opposed to the theory 
postulated by Monsieur Leroy. It seems that the 
tuyere blocks are placed in triangular fashion with 
14$-in. centres. At Corby we employ 250 tuyeres of 
13-mm dia. with a pitch of only 3 in., which may 
achieve a better distribution of blast through the metal. 
At Workington, the effect is borne out by the average 
time of the desiliconizing phase, 9 min. Even when 
allowance is made for the increased silicon and man- 
ganese this seems to be excessive for this purpose. In 
the basic Bessemer converter, silicon and manganese 
contents totalling 2°, are usually removed in 2 min 
or very little more. 

There is an interesting point in the paper which 
arises with regard to air consumption per ton of iron 
with increased silicon. We can expect longer blowing 
times with higher silicon irons, and the total loss of 
oxygen will be greater for longer blowing times. Have 
the authors made any calculations which show that the 
increase per ton is due to longer blowing times? It 
seems to be quite a considerable increase. Unfor- 
tunately, the silicon content of the French practice to 
which these air figures refer has not been quoted. 
I presume that the authors have made allowance for air 
losses in the operation of the vessel and I wonder what 
effect rocking the vessel has on air consumption. 

With regard to the effect of charge weights, from 
previous information given in the paper the effect of 
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1 ton should be to make an alteration of } in. in the bath 
depth with respect to the metal only, and excluding any 
slag volume effect, but the air figures given are quite 
large compared to what would be expected for a $-in. 
difference. Calculations relating to Corby practice 
indicate an oxygen efficiency of about 95%, although 
it is unwise to be dogmatic since sufficient information 
on this is not available. There is always an assumption 
as to what proportion of the CO has burnt to CO,. 

The permeability of the converter, i.e. the flow of air 
per minute at constant pressure, is also affected by the 
thickness or depth of the bottom and the condition of 
the tuyere surface. The effect of the latter is now 
largely obviated by the use of copper tubes. Also, 
irons of apparently similar composition occasionally 
blow differently, though in this case it may be due to 
variations in other factors such as initial temperature, 
bath depth, varying converter age, nose skull restriction, 
ete., or possibly to the form of carbon existing in the 
iron. 

The Workington experiments have proved that their 
air efficiency is low and as a result they could possibly 
make improvements in production or in their ability to 
carry scrap. On the other hand, steel quality, nitrogen, 
and the effect on bottom wear would all need to be taken 
into account. Also, the possibility of using various 
instruments has been clearly demonstrated and, while 
these are by no means foolproof, by further development 
they may come into full and general use. They should 
be developed not as an automation device but as an aid 
to the blower. The man must remain in a position to 
know by his own skill and art when something is wrong, 
even when the instrument says that it is right. 


Mr. Cawley: I am not qualified to answer any questions 
relating to basic practice, so that I shall confine myself 
to points which concern acid practice. Mr. Glen 
mentioned that we are not concerned about nitrogen 
content. In our products there is in fact very little 
variation. In normal practice the variation is only 
from 0-013 to 0-017% and within these limits. we have 
no evidence that nitrogen is other than beneficial in 
our products. I cannot say what the effect would be 
if we exceeded this range. 

I can answer the point about the restriction of air 
going through the tuyeres so far as acid practice is 
concerned. At the nose of the tuyere during the early 
stages of the blow it is possible for a crust, partly metallic 
and partly slag, to form and the orifices are restricted. 
These crusts melt when the boil takes place and quickly 
clear. There is actual visual evidence to support this 
theory, for on occasion we have had a bottom fail in the 
middle of a blow and when it was taken off the converter 
there were those crusts on the tuyeres. 

Mr. Glen referred to the loss of yield through over- 
blowing. I was not considering the economic aspect 
of over-blowing at all, but simply trying to correct what 
is a common but mistaken impression that Bessemer 
steel is very easily ruined by a comparatively slight 
overblow. There was a recent case where someone 
was convinced that certain ingots which rolled very 
badly had been over-blown, when in fact the fault was 
that the blow was very much too hot, something which 
could equally well have affected an O.H. cast. 

On the question of air losses in our practice, I am not 
yet sure what the implications of this are; the question 
requires some thought. On a number of occasions it 
has been maintained that by side blowing it is possible 
to pick up heat, i.e. tilting the converter and blowing 
through the top tuyeres. It may be that by side- 
blowing, under different conditions from those at 
Workington, a similar set of cireumstances is reproduced 
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in which the net effect is a rise in temperature throughout 
the heating up of the body of the converter by the 
combustion of the carbon monoxide and free oxygen 
leaving the bath. We have not found this effect with 
side-blowing ; perhaps we are getting it automatically. 


CORRESPONDENCE 

Monsieur Leroy wrote: We have not used acid-lined 
Bessemer converters in France for more than 40 years 
except for some small converters used in foundries. 
Nevertheless, a comparison between 
practice is very interesting. 

For instance, in both processes control of temperature 
is important. This control difficult when 
composition or temperature of the hot metal changes in 
a way unforeseen by the blower. 
referred to again in the second paper presented in this 
discussion, L wish to comment on two points resulting 
from observations carried out on small-scale converters 
and on basic converters, which completely confirm the 
conclusions reached by Messrs. Cawley and Wattleworth. 

Referring to the effect of blowing rate on the life of the 
converter bottoms, in France the blowing holes are 
normally formed individually in the mass of the tar- 
dolomite bottom. Four French basic Bessemer steel 
works are using tuyeres of magnesite with 8 or 10 holes 
each. It is therefore interesting 
comparisons with the fireclay tuyeres of acid converters. 

The following specific example confirms the effect, 
pointed out by the authors, of the conversion rate on 
the behaviour of the tuyeres. In one French basic 
Bessemer plant, the slope which resulted from the 
thickening of the lower part of the lining immediately 
above the bottom has been eliminated. The inner 
profile of the new lining is thus cylindrical right down to 
the bottom. The static depth of the bath, previously 
79 cm (2 ft 7 in.), has been reduced to 56 em (1 ft 10 in.) 
for the same weight of iron and scrap. 

It was found at once that the slopping decreased. It 
was then possible to blow with increased wind flow and 
the blowing time was shortened by 10—12°, from 50 s'ton 
to 45 s/ton. 

At the same time, the life of the bottoms with magne- 
site tuyeres was improved by 40%, the mean figure being 
114 heats as compared with 81 heats previously. No 
other modification in design or manufacture of these 
bottoms was made during this test. To use the same 
terms as the authors, the weight of metal blown per 
bottom rose from 1500 to 2100 tons. 

On the distribution of the tuyeres, the authors have 
found that “‘the slopping tendency varies inversely 
as the area of the tuyere circle, i.e. a circle circumscribing 
the outer tuyeres.” 

This result appears to be a general rule. We observe it 
on small scale-model converters containing water or 
other liquid, also on full-scale converters. It must be 
noted however that in the latter case, slopping is more 
intense for a time during the first half of the decarburiz- 
ing period. This slopping, which is heavy when it 
occurs, is connected with a physico-chemical phenomenon 
peculiar to basic conversion. 

An explanation is afforded by a study of the hydro- 
dynamics of the system. The air, on leaving the 
tuyeres, does not rise vertically. It is deflected and in 
so doing gives rise to a swirling wave in the bath of 
metal. If this surge strikes the lining near the converter 
mouth or if it reaches the mouth level, slopping occurs. 
Any factor which tends to reduce the surging action 
improves blowing. This surging movement can occur 
only if the blowing area, i.e. the circle circumscribing 
the outer tuyeres, is substantially smaller than the 
cross-sectional area inside the lining. 
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Amongst numerous investigations carried out on 
small scale-models, two may be selected to make quite 
clear the origin of this phenomenon. =~ 

(i) The blowing tuyeres were arranged in a single 
line across a diameter of the bottom. The air stream 
set up an oscillation from side to side which trans- 
mitted to the bath a strong swinging to each side of the 
line of tuyeres. 

(ii) The blowing tuyeres were arranged in two lines 
forming two diameters of the bottom at right angles 
to one another. The bath movement then became 
rotational, resulting from the combination of the two 
swinging movements induced by the two blowing 
bands. 

As the rotating movement is governed by hydrodyna- 
mic laws, it applies to acid and basic converters alike. 
It is surprising that almost 100 years have passed without 
any reference to this. However, it may be said that it 
took a great deal longer to realize that the earth rotates, 
though it may not be so dangerous to talk about the 
movement of the bath in a converter as it originally was 
to talk about the rotation of the earth. 


AUTHORS’ WRITTEN REPLY 


Mr. Wattleworth and Mr. Cawley wrote: We fully 
agree with Mr. Glen that the acid Bessemer and the basic 
Bessemer processes are very different. This we realized 
during the time we spent on the working platform at 
Workington. There are, however, sufficient features 
in common to make it well worth-while to study 
acid Bessemer steelmaking by means of instruments 
developed on basic Bessemer converters and to compare 
the results. We cannot agree with Mr. Glen that this is 
‘ unfortunate ’. 

The usual bath depth in France for a new lining and a 
new bottom varied between 2 ft 4 in. and 3 ft 0 in. for 
18 to 30-ton converters. 

Some steelworks are now tending to draw nearer the 
values advocated by IRSID, viz.: 


ft in, tons 
18 for 13 
AE | eee 20 
aa 50 


The tendency advocated in France by IRSID has 
been towards a decrease in the bath depth. This shows 
that we have not put extreme air efficiency as the first 
objective. The high air consumption at Workington 
was specially considered because it appeared to be higher 
than the values usually observed in other steelworks. 

The influence of bath depth on the nitrogen content of 
the steel is too well known for it to be necessary to stress 
this point.? 

If the paragraph, mentioned by Mr. Glen, on page 208 
of our paper is replaced in its context it should be clear 
that it concerns the phenomenon of slopping and not 
air efficiency. In this paragraph we endeavoured to 
point out that a decrease in slopping can be obtained: 

(i) By decreasing the metal depth, e.g. by making 
the lower part of the lining cylindrical rather 
than tapering in towards the bottom 

(ii) By increasing the blowing area. 

Either of these modifications by itself may give a 
reduction in slopping, but the combination of the two is 
better as the effect is cumulative. 

We have succeeded in explaining the favourable 
influence of a large blowing area by studying systematic- 
ally the bath movements in the converter.” 4 

As reported in their paper, Messrs. Cawley and Wattle- 
worth have also found the value of a large blowing area 
for decreasing or suppressing slopping. As this result 
is due to geometric rather than metallurgical factors, it is 
natural that it should apply equally to acid and basic 
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converters. We suggest that Mr. Glen may be misinter- 
preting the facts when he says that ‘‘ Workington have 
in fact made not one circulation area, but many.” The 
essential consideration is the relation between the tuyere 
area and the cross-sectional area of the convertor inside 
the lining at the mean level of the bath. 

We agree with Mr. Glen that the outer ring of tuyeres 
must not be too near the joint. When we state: “ it 
would be better if the converter bottom and the blowing 
area were made as large as possible, with the outer ring 
of tuyeres as near the vessel lining as practicable,” it is 
implied that such very practical considerations as the 
behaviour of the outer holes in service would be taken into 
account. 

The explanation of the considerable influence of the 
silicon content of the iron on slopping in the basic 
Bessemer converter is perhaps hardly relevant to the 
contents of this paper. The subject has been dealt 
with in the above-mentioned reports.» > We may sum 
it up briefly as follows: Silicon in the iron gives rise 
to slopping in a basic converter after and not during the 
silicon oxidation period, i.e. during the first part of the 
decarburizing period. At this time, the primary slag 
contains a high proportion of silica which makes it 
frothy and also causes the bath to rise. This surging 
movement creates the slopping, which increases with 
the silica content of the slag, i.e. as the iron contains 
more silicon. 

In these reports too, we have studied the influence on 
slopping of the initial temperature of the iron. It is 
not quite true, as is sometimes stated, that an iron which 
is physically cold on charging gives rise to slopping 
because the metal bath is viscous. The explanation, 
as we have confirmed experimentally, is that a physically 
colder iron receives less scrap. Solid scrap resists the 
surging movement of the liquid bath and consequently 
heavy additions of scrap reduce the tendency to slop. 
This is proved by the following experiment. Increasing 
quantities of scrap were added to iron of a given quality. 
Slopping decreased as the scrap additions were increased, 
although the temperature was lower at the time that 
slopping took place. 

The reference made to the Si/Mn ratio in the acid 
process was based on the assertions of U.S. authors. 
We have no experience of this in France, but Mr. Cawley 
states that in his experience with the present converters 
at Workington there is no evidence of any increased 
slopping tendency with lower Si/Mn ratios. In the 
earlier converters at Workington which were much more 
prone to slopping, low Si/Mn ratios were not encountered. 

We do not regard the Si/Mn ratio as being of much 
importance in the basic converter as, contrary to Mr. 
Glen’s observation, we have found that for a given silicon 
content, an iron higher in manganese has an increased 
tendency towards slopping. The effect «f manganese 
and silicon is in the same direction although in the case 
of manganese it is much less marked. 

The point we intended to emphasize in our paper is 
that, for a given manganese content of the iron, if the 
silicon increases, slopping is worse in the basic converter 
whereas according to U.S. authors it would decrease 
in the acid converter. 

The partial or total blocking of tuyeres during a blow 
is now well established for the basic converter. It 
occurs chiefly at the end of the decarburizing period. 
At this time it can be seen that the wind flow decreases 
whilst the pressure rises. We have called this pheno- 
menon the ‘ anomaly of permeability ’. It is not based 
on theory but on experimentally observed facts. If a 
basic converter is turned down at this time, it can be 
seen that the apparent diameter of the blowing holes is 
much smaller than at the beginning of the operation. 
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The nozzle of each hole is surrounded by a solidified ring. 
This phenomenon and the complete study of the perme- 
ability of basic converters are presented in detail in the 
report. Since then, during the use of a two-colour 
pyrometer sighting the bath through a tuyere hole, one 
of the main difficulties met is this irregular blocking of 
the sighting tuyere. This blocking can now be cleared 
almost instantaneously by blowing with pure oxygen. 
Photographs have been taken showing the appearance 
of these holes. 

In his reply to Mr. Glen’s comments, Mr. Cawley has 
explained that a somewhat similar effect is present in 
the acid converter. The only difference appears to be 
that as a result of the closer bunching of holes in the 
fireclay tuyere of an acid converter, a complete crust 
forms over the whole of the nose of the tuyere instead of 
a small encrustation forming round individual holes. 

The opacimeter, as patented, is an instrument designed 
to measure the light energy transmitted through the 
flame from a fixed and constant light source and not the 
light energy emitted by the flame. The measuring 
photoelectric cell receives at the same time both the 
emitted energy and the transmitted energy, but the appa- 
ratus works well only when the emitted energy is negli- 
gible with respect to the transmitted energy. This 
demands the setting up of a suitable background light- 
source and lens. This is why we have had to use for 
heats blown with oxygen-enriched air a light power ten 
times higher than for air-blown heats, owing to the greater 
density of the red fume. The end-point of the blow 
ean only be selected with accuracy from the opacity 
curve if these conditions are fulfilled. 

We must emphasize that the opacity curves shown in 
Fig. 11 were obtained by sighting through the flame of 
acid converters and that this flame is quite different 


from the basic flame as at Corby or in France. In the 
acid converter, the opacity increases continuously 
towards the end of the blow. In the basic converter, 
the opacity passes through a maximum some seconds 
before the end of the operation and then decreases until 
it reaches a steady level. 

When oxygen-enriched air is used, the opacimeter 
can be used for the determination of the end of the blow, 
as has been mentioned previously; it is only necessary 
to use a light source of sufficient intensity. On the 
other hand, the flame pyrometer is suitable at the end of 
the dephosphorizing period only when using a low degree 
of enrichment. Beyond 25% oxygen in the blast, the 
amount of red fume in the flame is so high that a cold 
sheath of particles forms around the flame and leads to 
an inaccurate reading. The apparatus can however 
be used during the decarburizing period. 

We agree with Mr. Glen that measuring or control 
instruments should be regarded as sources of information 
for the operator who should remain free to use his own 
discretion in interpreting information available to him 
from all sources. We have never suggested that the 
Bessemer operation can be made fully automatic. The 
fundamental issue is whether, with the help of these 
instruments, the operator can maintain a greater degree 
ot regularity in his product than is possible without them. 
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INGOT COOLING 


This discussion was based on the following papers 
(dates of publication in the Journal are given in 
parentheses): 


“Cooling of 15-ton Ingots between Teeming and 
Stripping,” by L. H. W. Savage and M. D. Ashton 
(1955, vol. 179, Feb., pp. 132-142). 

“The Cooling of Rimming-Steel Ingots between Teem- 
ing and Stripping,” by M. D. Ashton, R. F. Perkins, 
and L. H. W. Savage (1955, vol. 181, Dec., pp. 303-312). 


Mr. L. H. W. Savage and Mr. R. F. Perkins, both of 
B.1LS.R.A., presented the papers. 


Mr. A. J. K. Honeyman (Steel Company of Wales Ltd.): 
The authors are to be congratulated on a painstaking 
and thorough piece of investigation. They have made 
acknowledgments to the Steel Company of Wales for 
the facilities which were provided for them to do the 
work described, but I think it right to point out that 
they supplied their own enthusiasm and determination 
and their own patience to carry the work to completion. 
You will have seen from the slides the enormous amount 
of work which was entailed. Although, as is so often 
the case, the practical applications are not simple as 
may at first sight appear, knowledge of the cooling 
characteristics of ingots and the corresponding heating 
and cooling of the ingot moulds is of considerable value 
and may lead eventually to new ideas not only in soaking 
pit practice but also on the problems of mould handling 
and usage. 

It is of interest to note that the cooling curve for 
15-ton ingot moulds shown in Fig. 9 agrees closely 
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with the cooling curve obtained with contact thermo- 
couples by the Operational Research Department of the 
Steel Company of Wales, during the course of an 
investigation into the movement of ingots and bogies 
in and around the stripper bay. 

Figure 2 of the second paper summarizes in graphical 
form the practical conclusioz:,. It shows the minimum 
track time as a function of the mould weight and the 
time from the previous strip. For the 8-ton ingot under 
the least favourable conditions, this track time is 70 min. 
I should like to refer to the work done on a similar 
ingot by Sarjant and Slack,* which gives an “ optimum 
track time which ensures a maximum rate of equalization 
of surface and centre temperatures” of 120 min, i.e. 
15 times the ingot weight in tons. 

The present authors rightly point out that with their 
much shorter track time ‘“ heating practice might have 
to be modified, since, if a cast of hot ingots is charged to a 
pit and full gas turned on immediately, there is a like- 
lihood of the ingots being sent for rolling when their 
centres have not fully solidified, and blistered rolled 
products will result. This could be remedied within 
individual works by having an intial soaking period 
in the pits with the fuel input reduced to a rate to be 
established by experiment and should not lead to any 
decrease in pit availability.”” This seems to contradict 
the work of Sarjant and Slack, who say you cannot 
charge the ingots into the pit too early. What are the 
authors’ comments on that point ? 





* J. Iron Steel Inst., 1954, vol. 177, p. 441 
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Fig. A--Comparison of space mean ingot surface 
temperatures on mid-height plane 


In our works practice with rimming steels, the 
minimum standing time is about 45 min, and for this 
and other reasons the track time (time from teeming to 
strip) usually exceeds the minimum recommended by 
the authors. For that reason we have used their data 
more to avoid the hazards arising from too short a track 
time than to shorten the track time in accordance with 
the table. 

Probably the most serious problem affecting soaking- 
pit practice. is bunching. While ingots are normally 
supplied to the mill at a uniform constant rate for 
24 h every day, they arrive in the stripper bay in casts 
of 100 or 200 tons and several casts may arrive within 
a single hour. This bunching effect makes it difficult, 
if not impossible, to organize the soaking pit practice 
on the ideal basis recommended. In some _ plants 
bunching can be partially controlled by giving preference 
in the melting shops to certain qualities of steel, but 
where, as in our practice, the great bulk of the steels are 
of a similar quality, e.g. low-carbon rimming steel, this 
remedy is not available. 

One other point is perhaps worth consideration. 
Normally it is necessary for the ingot surface to be at or 
near rolling temperature for a certain minimum time to 
remove surface defects inseparable from normal steel- 
making and pitside practice. A saving in soaking pit 
time might, therefore, lead to other and possibly more 
serious troubles. 

In common with Sarjant and Slack, the authors suggest 
that the data presented in Fig. 1 for 8 and 15-ton 
ingots could be interpolated for intermediate weights. 
Surely this assumes that all ingots are geometrically 
similar, which of course is not so. I suggest that inter- 
polation should be based on ingot thickness rather than 
on ingot weight. 

Dr. R. G. Siddall (Sheffield University): As the authors 
have said, I investigated the cooling of a 15-ton ingot, 
using as a basis the results of trial 13 of the series of 
trials carried out by B.I.S.R.A. Considering the ingot 
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to be rectangular parallelopiped, I carried out a 
numerical integration to provide temperature values 
at 45 symmetrically placed points within the ingot and 
on the ingot boundary from teeming time to stripping 


time. The 45 points are composed of five groups of 


nine points, the first group lying on the ingot top, the 
second on a plane one quarter way down, the third on 
the mid-height plane, the fourth one quarter way from 
the base, and the fifth on the base itself. As can be seen, 
this is an entirely different method of employing the 
mould temperature measurements, being much more 
detailed and refined. It therefore provides a very useful 
comparison with the authors’ results and, to some extent, 
a check on their assumptions and approximations. 

The first comparison lies in the space mean ingot 
surface temperature on the mid-height plane which is 
illustrated in Fig. A. I know the surface temperature 
at five points on this plane and from these five values 
I calculate the space mean value. The authors calculate 
the space mean inside surface temperature for the mould 
mid-height, and from a knowledge of the surface heat - 
flux at the mid-height and an assumed emissivity value, 
the ingot surface temperature is derived. As can be 
seen, the two curves lie reasonably close together, the 
maximum difference being of the order of 10% of my 
value. The main reason for the difference between the 
shape of the two curves lies in our respective emissivity 
values. The authors assume a constant figure of 0-5, 
whilst I derived an emissivity value from a knowledge 
of the mould temperatures. My emissivity value varies 
with time, being larger than 0-5 in the earlier stages and 
smaller in the later stages. In the periods when their 
curve lies above mine, their emissivity is lower than 
mine, and vice versa. In other words, if they had calcu- 
lated their temperature variation on the basis of my 
emissivity value the comparison between the two 
curves would have been much closer. 

The second comparison lies in the heat content of the 
mid-height section of the ingot, which is illustrated in 
Fig. B. From a knowledge of the temperature at the 
nine points in the mid-height plane I calculate the heat 
content at various times. The authors calculate the 
heat-content as the difference between the initial heat 
content of the ingot and the heat content of the mid- 
height section of the mould at any instant. This 
neglects the effect of any vertical heat transfer in either 
ingot or mould and thus their method will tend to over- 
estimate the heat content. As can be seen from the 
graph, the two curves show good agreement, the maxi- 
mum difference being of the order of 5% of my value. 

The third, and last, comparison lies in the rate of 
solidification. We both assume that the thickness of 
the solidified shell at any time ¢ is given by kvV/t where k 
is a constant. On measuring the thickness in inches 
and the time in minutes, the authors find k to be 0-99 
compared with my figure of 1-19. 

In conclusion I should like to compliment the authors 
on their work. Considering the length of time spent 
on my detailed calculation and the comparative rapidity 
of the authors’ approximate method, it speaks well for 
their method that we obtain such close agreement. 


Mr. N. H. Turner (Appleby-Frodingham Steel Com- 
pany): Mr. Savage and his co-authors are to be con- 
gratulated on tackling a problem which had been 
neglected. Possibly the reason was that too often mills 
were operating with what today can be considered as an 
excessive number of soakers, and that under these 
conditions there was no particular call for specifically 
reducing the time which elapsed between teeming and 
stripping. 

At Appleby-Frodingham, where the general quality of 
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the steel produced has been no appreciable handicap to 
retaining as much heat as possible in the ingots before 
charging, the advantages of a short track time were 
emphasized following investigations carried out as far 
back as 1933 on the cooling and heating of ingots. 
Compared to the methods used in the two investiga- 
tions forming the subjects of the papers we have just 
heard, these tests were only rough and ready. All the 
same, they served their purpose and have permitted us 
to draw some conclusions which are related to the papers 
at hand. These I propose to discuss rather than dealing 
with the methods the authors employed for obtaining 
the data reported upon and the use made of that data. 
It is all very well to consider that the minimum time 
necessary between teeming and stripping is just that 
required to have adequate solidification. The inside of 
even a brand new ingot mould does not present a per- 
fectly smooth flat surface, and it is necessary to allow 
also for the shrinkage of the ingot to be such as to permit 
any asperities which may exist to have no ill-effect on 
the withdrawal of the ingot. 
The time necessary for that occurrence appears to 
be greater than the time for the required solidification. 
As an example, I quote from an investigation we 
carried out in connection with the stripping of 10-ton 
ingots. Some of the ingots were solid enough to be 
stripped 33 min after teeming, but it was necessary to 
wait another 30 min for the percentage of stickers to 
have come low enough to give an indication that the 
gap was by then adequate. 


The approximate figures were: 


Time between teeming and stripping, Stickers, % 


min, 
(a) 33 10 
(b) 40 20 
(r) 50 9 
(d) 60 2 


Phese figures are approximate because they are 
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Fig. B--Comparison of ingot heat contents of mid- 
height section 
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Ingot centre 





TEMPERATURE ,°C 











TIME FROM TEEM 
X time when ingot could be stripped 
120°C assumed rolling temperature 
Fig. C— Ingot surface cooling to below rolling tempera- 
ture 


essentially practical and, while care was taken to 
eliminate defective moulds from the assessment, no 
guarantee can be given that all moulds involved were 
entirely as new. 

It may be that the figures shown by the authors in the 
second paper as to minimum time of stripping cover 
for the necessary growth of the gap, but [ have not 
found a specific mention of it. 

Another conclusion which we arrived at and which 
is touched on in p. 305 of the second paper is that it is 
useless to charge a large ingot into a hot soaker as 
quickly as it can be stripped. Time must be given for 
cooling to the extent necessary to permit the soaking 
time being a minimum. 

This can be achieved by deliberately allowing the 
ingot to remain in the open air after stripping for a 
length of time related to the time which has elapsed 
since teeming. In that way, cooling of the outer surface 
is such that when the ingot is introduced in the hot 
soaker, the heating of that part to rolling temperature 
is effected equally by heat obtained from the liquid 
centre and by heat obtained from the soaker proper. 

To suggest that a similar result can be achieved by 
having an initial soaking period in the soaking pit with 
the fuel input reduced is a fallacy. Either the pit 
will be allowed to cool below the temperature at which 
it has to be maintained to give to the ingot the necessary 
rolling temperature, and therefore heat will ultimately 
have to be provided to reheat the pit structure, or just 
enough heat will be supplied to prevent the pit from 
cooling below the temperature required for the desired 
rolling temperature. In this case some of that heat 
will be absorbed by the surface of the ingot, and this 
will cause a retardation in the rate of equalization 
of the ingot temperature, with the corollary that the 
time the ingot will have to remain in the soaker will 
be above the possible minimum. Such methods would 
lead to inefficient fuel utilization in more than one way. 

An alternative to leaving the ingot in the open air 
after stripping, which is representative of the current 
practice at Appleby-Frodingham and has the advantage 
of giving the amount of equalization demanded by 
practical conditions of stripping and rolling, is to put 
the ingot first into a Gjers pit, of which the structure 
has been designed to have a suitable heat capacity. 

At Appleby-Frodingham, no 10-ton ingots are 
charged in the hot soakers in less than 2 h after teeming. 
The minimum tap-to-tap time for ingot moulds is 
8 h, and a reasonable average 12 h. 

In conclusion, I would say again how pleased I am 
that Mr. Savage and his co-authors have investigated 
the need for a general reduction in track time. At the 
same time, as the main purpose of the studies was to 
lead to economies in the use of fuel, I regret that the 
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authors have not stressed sufficiently those aspects of 
the subject to which I have referred. 

Monsieur J. Duflot (IRSID): I think there is more than 
a question of thermal balance involved in this problem; 
there are also such problems as the structure of the ingot 
and the mould consumption. As Mr. Turner has said, it 
would perhaps be better to leave the ingot some time in 
the open air than to put it in the pit without giving heat 
to the pit if this is detrimental to pit refractories. 

The President (Dr. H. H. Burton): The question of 
ingot structure will surely depend very much on what 
sort of ingot one is making. I imagine that in this 
case the whole of the paper was concerned with rimming 
steel. Are your remarks in any way modified by that ? 

Monsieur Duflot: I do not think so, because for 
rimming steel you may also expect some influence of the 
solidification conditions and the cooling conditions on 
the inside structure of the ingot. For practical purposes 
of mould consumption you must strip as soon as possible, 
but when we speak of rimming steels we all know 
that in the upper part of the ingot we have some slag 
and that this slag, especially with rimming steels, may 
cause defects. The way we let the ingot cool, in the 
open air or immediately in the pits, may influence the 
way in which the slags will decant, and this may also 
be a problem. We have some variations according to 
the different qualities of steel and the different practices, 
but we must be grateful to the authors for having brought 
us numerical values to make our compromise. 

The President: I am surprised to note that there is no 
mention in the bibliography of the earlier work of Light- 
foot and T. F. Russell, e.g. the latter’s ‘‘ The Thermal 
Relations between Ingot and Mould.” Is it considered 
that these earlier studies are not applicable to ingots 
in rimming steel ? 

AUTHOR’S REPLY 

Mr. Savage: I am grateful for the contributions to 
the discussion. Many useful points have been raised. 

Mr. Honeyman’s results are most valuable. Our 
results were obtained by studying 20 moulds and his 
results, taken over a very much larger number, show 
that we were working in a reasonably representative 
period. Many people will find such information very 
useful. Knowledge of the mould temperatures is 
important with regard to mould life and it is not an 
easy matter to determine the temperature. A _ rule- 
of-thumb method may save a lot of time and money. 

I will not say much about the removal of defects. 
[ am not a metallurgist, and we sha!] have to accept the 
ruling of the works as to the degree to which scaling is 
desirable. It is interesting that modern furnace 
designers and instrument engineers claim that by control 
and instrumentation and control of pit design we can 
reduce scaling to negligible amounts. As to how far it 
is desirable or not I must leave to others. 

Mr. Honeyman raised an important point about the 
optimum track time, and other speakers referred to it. 
I am not completely convinced myself with the position 


as indicated in Fig. C. This shows how the surface of 


the ingot rapidly cools to well below rolling tempera- 
ture (shown here as 1200° C). It follows that there 
must be a time, (point x), when the ingot could be 
stripped, perfectly insulated, and have just enough 
heat in the core to bring it to a uniform temperature for 
rolling, as shown by the continuous lines. If stripping 
were delayed, the centre and surface temperatures would 
follow the dotted lines until the ingot was charged to 
the pit, and although it is obvious that the centre will 
fall more rapidly to rolling temperature, the time to 
attain temperature uniformity is not likely to be much 
reduced and additional heat will certainly be required. 
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In a hot-stripped ingot the temperature contours 
roughly conform to the ingot section so that a relatively 
small amount of steel is at the highest temperature, a 
larger amount near rolling temperature, and a still 
larger amount near the surface temperature (900° to 
1000° C). If such an ingot is placed in a fuel-fired pit 
the outside can accept heat rapidly, which will delay the 
rate of heat loss from the centre. If the centre tempera- 
ture is too high after the outer zones have been brought 
to 1200° C then, obviously, the holding time in the pit 
wi!l be extended as this excess heat has to be lost to the 
high-temperature soaking pit. 

On the other hand, if the fuel is shut off or reduced 
to a very low level the ingots can only be heated by 
radiation from the pit walls, which have in any case 
been chilled by the charging operation, and the rate of 
heat acceptance would be expected to be relatively slow. 
I am surprised that Mr. Turner sets a minimum time of 
two hours between teeming and charging, and obviously 
much work is still required on this point. 

Ingot structure is particularly important in any of 
the calculations, although we have excluded the purely 
mathematical approach from the paper, since it has 
been dealt with elsewhere. However, we are studying 
it with considerable interest. When using rimming 
steel ingots the authors find considerable difficulty in 
what are to be taken as the thermal properties. It is 
known that the ingot in bulk has a density of 6-8 to 
7 compared with fully rolled steel of 7-8. = That will 
affect the thermal conductivity by how much? We 
have to consider whether the blow-holes are very small 
or large, and whether they are running in the direction 
of heat flow or across it. That is one of the things 
which can be taken care of by the development of 
mathematical techniques, when the data are available. 
As Dr. Siddall said, a single calculation may take a 
fortnight or three weeks, but in the future we are hoping 
to develop his methods and to work out the results 
very quickly on an electronic computor. 

Returning to the rimming steel ingot, we know that 
the mean density is below 7, but there is a high-density 
rim. Then there is a zone of lower density, with blow 
holes just below the skin, and finally a fairly high 
density in the core, where there is maximum segregation. 
In those conditions, it is difficult to see which figure should 
be used in any mathematical calculations. Nevertheless 
it is a most valuable method. Dr. Siddall’s results, 
and those of Sarjant and Slack, go in conjunction with 
our own assumptions, and bearing in mind that we do 
not claim that our technique is free from experimental 
error, the results seem satisfactory all round. 

Mr. Turner raised another important point about 
stripping time being dictated by the fact that we may 
or may not be able to strip the moulds. That is some- 
thing which must be considered from the engineering 
point of view. If, in the national interest, we have 
to reduce fuel consumption, and that can only be done 
by earlier stripping, there is something to be said for 
looking into the features of mould design which would 
render stripping easier; also, as Mr. Perkins asked, 
can we do anything about ram design? At the moment, 
particularly in the case of a rimming steel ingot, there is 
of necessity a fairly mushy top ; the ram normally goes 
straight on to it and there isa mess. The shell is always 
more solid. Is it out of the question on open-top ingot 
moulds to have a ram which will be spread over a far 
greater surface? Is it possible to get the weight on the 
solid part of the ingot and remove it earlier? After that, 
the possibilities might be investigated of putting ingots 
into live pits, live pits with the gas on, or dead pits, 
or leaving them in the open, and discovering the effects 
on heating time. 
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DISCUSSION ON SOLIDIFICATION OF STEEL 447 


SOLIDIFICATION OF STEEL 


This discussion was based on the paper “ The Effects 
of Gravity on the Solidification of Steel” which appeared 
in the April, 1956, issue of the Journal (vol. 182, pp. 366— 
374). 

Mr. B. Gray (The English Steel Corporation Ltd.) 
presented his paper. 


Dr. A. H. Sully (British Steel Castings Research 
Association): Before Mr. Gray carried out this investi- 
gation many steel founders would have expressed a 
measure of disbelief if told that they would obtain a 
sounder casting by inserting chills into the feeder head 
as in Mr. Gray’s casting No. 2 than by using more con- 
ventional methods, such as exothermic feeding com- 
pound as in Mr. Gray’s castings Nos. 6 and 7. 

Apart from the work which The Iron and Steel 
Institute has fostered over the years on the subject of 
heterogeneity in steel ingots, the British Steel Castings 
Research Association and its predecessors in title, the 
Research and Development Division of the British 
Steel Founders Association and the Steel Castings 
Division of the British Iron and Steel Research Associa- 
tion, have for some years carried out investigations on 
the solidification of steel castings. In some of this work, 
notably that of Reynolds (referred to by Mr. Gray) the 
importance of convection was demonstrated and 
recognized. Mr. Gray has, however, realized the full 
significance of convective movements of liquid streams 
in modifying columnar crystal growth and in affecting 
the growth and collection of nuclear crystals. He has 
extended Northcott’s arguments, and I find particularly 
convincing the concept illustrated in Fig. 8, which 
explains the limitation of growth of columnar crystals 
by localized convection of segregated liquid. 

In considering the growth and distribution of nuclear 
crystals, we must distinguish between three factors: 
(a) the downward movement of chilled liquid near the 
dendritic wall, (6) the release of latent heat as the 
nuclear crystal grows in size, and (c) the formation of 
segregated liquid of lower liquidus accompanying (c). 

Because of the last two of these, I do not believe that 
the convection pattern in a solidifying steel casting is 
quite,as simple as that in experiments carried out with 
dye tracers in which crystal formation is absent, as are 
latent heat and segregation effects. 

If we take a case like that illustrated in Mr. Gray’s 
Figs. 6a and 6b on p. 370, in which there is a downward 
convective stream of liquid containing nuclear crystal 
nuclei near a dendritic wall, it is instructive to see what 
happens when a nuclear crystal grows in size in this 
stream. Two effects can be distinguished. First, the 
liquid immediately adjacent to the growing crystal gets 
hotter due to the release of latent heat. Secondly, the 
liquid immediately adjacent to the crystal is richer in 
-arbon and segregating elements than the solidifying 
crystal. It therefore has a lower liquidus temperature. 

Here is a little paradox. Obviously the crystal cannot 
continue to grow if it is surrounded by an environment 
which is hotter and has a lower liquidus temperature. 


Also, the heat must get away. Until the heat has got,_ 


away, it must always be hotter than the dendritic wali, 
and the equiaxial crystals which may be in that region. 
This must mean that the crystal cannot move downwards 
surrounded by its envelope of liquid. The liquid is 
hotter and less dense, so that there must be relative 
movement between the crystal and the liquid, i.e. the 
particle is always moving down against a very localized 
counter-current. I think that point must be clearly 
distinguished. The crystal and the liquid cannot 
stay in contact for any length of time. Therefore, 
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although the stream as a whole is convecting downwards, 
within the stream there must be localized counter- 
convection around each growing nuclear crystal. If the 
process goes on long enough, it is possible to imagine 
nuclear crystals falling counter-current to a_ rising 
segregated stream of liquid in some parts of the ingot. 

Mr. Gray has not overlooked this process, for he 
mentions on p. 373 when considering micro-segregation 
that ‘some of the film of segregated liquid that must 
surround each crystal as it grows in the current becomes 
detached and is left behind in the liquid.” I would 
suggest that this must, in fact, always occur to some 
extent. However, this is a minor point relating to the 
microscale of the process and certainly does not 
invalidate any of Mr. Gray’s conclusions or detract in 
any way from the quality of his paper. He is to be 
congratulated on a contribution of major importance 
to our knowledge of the highly complex processes 
which occur during the solidification of steel castings. 

Mr. Gray: I fully agree that when the liquidus is 
reached convection becomes extremely complicated. 
Where there is a thin film of segregating liquid round 
the crystal, might it not stay there by surface tension 
until it reached a certain bulk, just as the crystals do 
not leave the liquid until they are heavy enough to 
break the surface tension. I do not know, for it is 
outside my range altogether, but perhaps an expert could 
tell me; at all events, it would explain matters very well 
as there would be a very sudden change owing to the 
solidification of the higher liquidus steel that replaced 
it. I suggest there are many crystallites in the stream 
and it is the one that loses its segregate first that gets 
the growth. The heat of that freezing would, for the 
time being, stop the growth of the crystals surrounding 
it, so that the leader gets all of it. 

Referring to the local effect on convection caused 
by the segregating, my observations of these little 
particles carried along in currents lead me to think 
that they stick to the current in the most extraordinary 
way so long as the speed is high enough so that they would 
not drop out until the bottom was reached. 

The relative movement of nuclears in the liquid has 
been proved theoretically to be very slow which has 
made it difficult to explain them. As the nuclears are 
still in the liquid would they not maintain in com- 
bination its original specific gravity or even raise it? 

Dr. L. Northcott (Armament Research and Develop- 
ment Establishment): I associate myself with Dr. 
Sully’s remarks about the paper which is extraordinarily 
good. I hope that Mr. Gray will not feel that any 
comments that I make, other than praise, are in any sense 
meant to be destructive. 

It is fairly obvious from the previous work described 
by Mr. Gray and others in his reference 4, that if a 
liquid metal is inside a refractory box, the crystals which 
form must drop, leaving columnar crystals at the top 
with equiaxial crystals at the bottom (Fig. A). Mr. 
Gray has taken that principle to explain the wider range 
of structures in Fig. 1 of his paper. In this, I feel that 
he has gone a little too far. The word ‘ conduction ’ is 
not mentioned in his paper, and when I first read the 
paper I understood that heat extraction was by convec- 
tion, but in fact it is by conduction. Another point 
which is over-emphasized is the heat of solidification 
When a metal solidifies it gives off heat, but the heat is 
very small in quantity compared with the extraction of 
heat which is going on continuously. In other words, 
when a small crystal forms, heat is taken away from it 
and the quantity of latent heat given off at the surface 
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Fig. A—Arrangement of crystals in liquid metal 
inside refractory box 


is swamped by the extraction by conduction. In 
explaining crystal structures it is largely possible to 
forget latent heat on solidification, which is tiny com- 
pared with the amount of heat lost by conduction. 

I have seen some of Mr. Gray’s experiments with the 
water convection, and I must confess that the vonvection 
was much more pronounced than I should have antici- 
pated. I believe that where there is a liquid metal 
containing solids of not very great difference in density 
the movement by convection cannot be very great. 
Anybody who has tried to pour out of a crucible molten 
metal which is on the verge of freezing will know that it 
is a job to get it all out quickly. If you have a vessel 
with solids occurring in it, there will be movement. 

There is no doubt that Mr. Gray’s explanation of these 
structures in Fig. 1 is at least in part due to convection, 
but I do not think convection is the whole story. Can 
Mr. Gray say whether the bottom running was through 
the side or bottom of the casting? - He stated that these 
castings have a common down runner in the middle 
and horizontal ingates directly into the castings on either 
side. When a mould is filled from this point, there is 
no doubt that the metal does not rise continuously and 
evenly throughout the section. A stream would go right 
up to the top, and the effect is as in Fig. B. It would 
be interesting to see a similar series of ingots top- 
poured. Perhaps some of the start of convection has 
been brought about by the downward flow of metal at 
the sides. The structures in Fig. 2 of Mr. Gray’s paper 
may grow up to the head of the bars of cold iron. It 
would seem that the structures of ingot 2 could have 
been partly explained by the chilling action of the bars 
in giving a casting which had apparently been poured 
with very cold metal. One has a relatively fine equiaxial 
structure. There is undoubtedly a pronounced chilling 
action. In fact. has much time been allowed for the 
movement of the nuclear crystals down the whole length 
of the body of the casting? Surely that ingot will have 
lost a tremendous amount of heat from the head through 
the cold chills, and the best way of getting a very fine 
crystal structure in a metal is to cast it at as low a 
temperature as possible. 

I have one further comment on these segregates. I 
think it is highly probable, as Mr. Gray suggests, that 
the nuclear crystals formed are drawn down at the side 
and form nuclei and then tumble in and entrap some 
liquid. I do not see why the liquid should be entrapped 
because the solid crystals are in liquid anyway, and the 
whole mass is a mixture of liquid and solid and there is 
no bar to the liquid rising. 

However, there is one argument about that being the 
sole explanation for the segregates. In ingots 6 and 7 
in Fig. 1, there are pronounced central cavities which 
are undoubtedly due to solidification at the top stopping 
the feeding and then the liquid which was in the cavities 
feeding down below, which will feed into the form of 
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the segregates. In fact, anybody who has watched a 
mass of metal freezing can see from the top, at the later 
stages of solidification, the sinking away of the metal 
leaving a porous solid at the top. 

[ feel that the diagrammatic method of describing the 
structures of the heads in Fig. 1 has gone a little awry. 
I wonder whether in the case of ingots 3, 5, 6, and 7 
the structures at the top were in fact columnar. In 
the case of the head of ingot 3, Mr. Gray had hot sides, 
and he suggested that the cooling from the top gave rise 
to this. Exactly the same sort of structures were 
obtained by having a hot cover on the top with or 
without the sides. I do not think you can have it both 
ways. I am prepared to accept one or the other, but 
we cannot have both. Perhaps it is not so much 
columnar crystals but the large equiaxial crystals. At 
least, that is what I imagine. 

I hope Mr. Gray feels that the criticisms are meant in 
the best sense. I am very impressed with the paper. 


Mr. Gray: I value Dr. Northecott’s comments, for almost 
alone of the metallurgists, he refuses to be limited by the 
handicap of never examining steel from anything but 
orthodox ingots. Hisexaminationofa number of ingots 
made in odd ways designed by himself (e.g. the Duncan 
Parson’s ingot and centrifugal castings) are examples. 

I agree that the omission of the word “ conduction ” 
is an oversight, as all the final dispersal of heat must be 
by conduction, except on the liquid surface. Convection 
only brings the liquid to the wall where the heat can be 
conducted away. I agree that the quantity of latent 
heat given off from freezing in the convection current 
would be very small, and I considered it from the 
point of view that conduction in the current, the segre- 
gated liquid, and the walls would be constant, and the 
small additional heat from freezing would stop the 
equally small amount of heat-loss required for the 
dendritic crystals to freeze in the segregated liquid. 

He considers that in a liquid containing solids of not 
very great difference in density the movement by 
convection cannot be very great. Under the conditions 
in the current there cannot be more than one solid 
nuclear to at least 10 parts of liquid, for it is inconceivable 
that the heat loss in its passage down the wall is more 
than, say, 3° C at the most, which is about one-tenth of 
the freezing range. Mechanically the conditions in the 
experiment with particles are very similar and there the 
movement is quite rapid, i.e. about 6 ft/min and con- 
tinues even with minute temperature differences as it 
cools. Except in the downward current and at the 
bottom where there is direct deposit of crystals from the 
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Fig. B—Stream of metal into casting with common 
down runner and horizontal ingates 
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DISCUSSION ON INGOT STRUCTURE 


central body, I do not believe that there are any solids in 
the liquid except the tiny crystallites in suspension. 
I suggest that the trouble with a crucible poured at a 
low temperature is that the crystallites are already in 
existence in the liquid and when exposed to air, especially 
round the spout, they rapidly grow to nuclear size in the 
manner described. 

On the question of the turbulence due to bottom 
running, I differ from Dr. Northcott and believe that 
any movement in the vertical plane caused by it is 
eliminated quickly by the convection currents. In 
any case, would it not have an unequal effect on the 
two opposite walls? In casting 2, convection currents 
must have taken charge almost immediately in order 
to affect the growth of the wall so quickly. Of course 
they are stronger than normal and in ordinary cases it 
would take longer. 

I agree that the structure of ingot 2 is explained by 
the chilling action of the bars which have the same 
effect as a very cold casting temperature. On the 
other hand I cannot believe that the chilling would have 
this effect so rapidly at the bottom of the casting by 
ordinary conduction, but only where the chilled liquid is 
carried to the bottom by convection currents. 

As regards the V-segregates, when the particles used 
in the convection experiments were dribbled down the 
wall of the vessel with the ratio of the specific gravities 
altered so that they were the heavier, they built up to 
a surprising height up the sides of the glass in a parallel 
wall. This periodically collapsed at the bottom and 
flowed in a thick stream down the slope. 

Dr. Northcott had not been able to reproduce cavities 
at the centre but he thought these might be due to the 
crystals being slightly lower in temperature since they 
had lain for a time against the columnar wall, so that 
as the flow took place down the slope the surface fritted 
over on entering the steel of higher liquidus at the 
centre, which prevented the centre being completely 
filled. Such a fritting-over may also produce the 
segregate on the successive surfaces. In both cases 
the heat exchange would be small and no more than 
surface fritting is likely to take place. Otherwise the 
deposit is merely a pile of loose crystals that does not 
freeze together for some time, as has been shown in earlier 
work. By that time more crystals have been deposited 
and feed liquid is cut off and cannot replace that drawn 
into the crystal structure from the holes in the last 
stages as described by Dr. Northcott. The cavity in the 
head of casting 1 is evidence that nuclear crystals can 
soon become impervious to the feed liquid, and the 
notorious liability of nuclear beds to microporosity 
is another sign. The mechanism explains very well the 
difference in the shape of cavities in nuclear deposits 
and those in dendritic structure, e.g. in castings 6 and 7. 

I can assure Dr. Northcott that there are large colum- 
nar crystals on the top of castings 3, 5, 6, and 7. The 
explanation of their not occurring in No. 4 is that, as 
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noted in the text, the surface of the liquid was quite 
clear after 30 min, whereas in casting 3 there was some 
solid at the top after 5 min. In casting 4, therefore, the 
columnars had no base on which to grow and practically 
all the freezing was upwards from the casting. 


CORRESPONDENCE 
Dr. J. T. Berry (R.N.S.S., N.C.R.E.) 


question relates to the following references: 


wrote: My 


(i) Recent work of Morris, Winegard, and co- 
workers (Trans. Amer. Soc. Metals, preprint, 1954) 
with low melting-point alloys, in which they have 
concluded that below a certain ratio (cooling rate 


temp. gradient), dendrites no longer form. 

(ii) Earlier work associating columnar growth with 
certain dissolved gases, in the main hydrogen and 
nitrogen, e.g. Franks (1933), Bennett and Muller 
(1935), Holvage and Schaefer (1939) in steels, and 
Zapffe (1943) in cast irons. 

(iii) More particularly the work of Polin (1948) 
in references detailed in discussions of a paper by 
Reynolds and Preece (No. 1123, International Foundry 
Congress, London, 1955) by J. Berry. 

How does Mr. Gray feel that these mechanisms play 
any part in the hypothesis put forward for the cessation 
of columnar growth? 

I would add a cautionary note on the relation of 
solidification times to volume and to surface area. 
Prediction of solidification times of plates, spheres, and 
cylinders has been carried out successfully for many cases 
(unpublished work by Kondic and Berry, and Kondic, 
Berry, and Martin). However, it is felt that in certain 
instances, viz. spheres in cast iron, where strong convec- 
tion effects must have been present, better agreement 
might have been possible in the following conditions; 
(a) if this effect had been absent, (6) if there had been a 
sufficient supply of the physical constants for the 
casting media. 


AUTHOR’S WRITTEN REPLY 

Mr. Gray wrote in reply: I am afraid I am not qualified 
to speak on the subjects discussed in the papers he 
quotes. From practical experience with the macro- 
examination of large masses of steel, no other explana- 
tion seems to be required than that given in the paper 
and certainly the temperature gradients, though they 
will increase the rate of growth, do not appear to affect the 
duration of the growth at all. Some of the largest 
columnar crystals I have ever seen (about 10-in. long) 
were grown in a 30-ton slab ingot, which for certain 
purposes was cast horizontally with the heads on the 
ends. The bottom and were a heavy chilled 
mould, while the top was made in the foundry from 
refractory material. Heavy crystals were found all over 
the top and were much greater than those on the chilled 
mould at the sides and bottom, though the temperature 
gradient from the top was much less steep. 


sides 


INGOT STRUCTURE 


This discussion was based on the paper by the Ingots 
Committee of B.1.8.R.A., entitled “ Effect of Temperature 
and Pouring Speed on Ingot Structure,” which appeared 
in the February, 1955, issue of the Journal (vol. 179, 
pp. 120-123). Mr. K. C. Barraclough (Thomas Firth 
and John Brown Ltd.) introduced the paper. 

Mr. B. Gray (English Steel Corporation Ltd.): It is 
surprising to find that the nuclear crystals apparently 
are not recognized at all in this report, because, as far 
as may be judged from the reproductions, especially 
of cross-sections, the whole of the middle of the castings 
is of the nuclear type, and the difference between the 
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nuclear crystals and the dendritic type round them is 
unusually clearly marked. 

The changes of crystal type may be significant, for 
if the streaks on the secondary structures are examined, 
their orientation is nearly normal to the surface of the 
ingot until they reach the boundary line of the nuclear 
crystals. There they change suddenly to lines radiating 
from the centre of the ingot. Is this change brought 
about because they are deposited crystals and not a wall 
growth? 

On the vertical sections, it is not possible to dis- 
tinguish much on Fig. 5 of the paper, and in Fig. 6 
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(which is a reproduction of Dr. Northcott’s excellent 
macroprint) the dividing line is not at all clear, which, 
for some reason is often the case with vertical sections. 
It is an interesting point that in these ingots it is so 
much easier tc distinguish in a horizontal section than 
in a vertical one. The dividing line is about 1 in. to 
the right of the division in the print, since it is at that 
point that the visible dendritic structures cease 
altogether. In the secondary structures there is again 
a marked change corresponding to that line. 


Mr. J. E. Russell (English Steel Corp., Ltd.): Referr- 
ing to the phenomenon of the secondary boundaries 
being quite independent of the primary dendritic crystals, 
this has been explained as being due to the peritectic 
reaction, i.e. the reaction shown at AB on the iron- 
carbon diagram (Fig. A). Such a mechanism could only 
hold for steels of carbon content less than that repre- 
sented by point B, i.e. about 0-5-0-6% C. However, 
we have found this effect in steels of carbon content 
greater than this amount. Thus Fig. B, for which I 
am indebted to Mr. J. H. Slagg of our Micrographic 
laboratory, shows a 1-2% C steel in which the network 
indicating the boundary of ‘ secondary ’ crystallization 
consists of hypereutectoid cementite, and was developed 
by etching in alkaline sodium picrate. The micro- 
section was subsequently etched with Oberhoffer’s 
reagent to develop the primary structure. It will be 
noted that the secondary boundary is once more quite 
independent of the primary structure, just as in the 
lower carbon steels. A similar effect has been noted in 
an ingot of 0:8% C steel. 

A possible explanation of these phenomena might be 
merely one of grain-growth in the precipitated crystal- 
lites. The normal appearance of an as-cast ferritic steel 
suggests that the primary crystals (whether they be a 
as for the lower carbon steels, or 6 for the higher carbon 
ones) are nucleated in very large numbers, resulting in 
many relatively small crystals with consequent high 
boundary energy. Therefore, as soon as such crystals 
touch each other, the common boundary will tend to 
migrate and the initial ‘grains’ will tend to grow 
rapidly, the final position of the boundaries being quite 
unrelated to their original positions. It is character- 
istic of all these structures that the secondary grain size 
is appreciably larger than the primary one appears to be. 

For highly alloyed austenitic steels, such as the 18/8 
type, there is no ‘secondary’ boundary in the sense 
used above, the crystals usually consisting of large 
dendritic patches. Here, presumably, the nucleation 
rate is very much slower, and the individual primary 
crystals would be able to grow near enough to near 
‘equilibrium size ’ to prevent the possibility of boundary- 
migration. 


Dr. R. G. Ward (Sheftield University): There is little 
criticism to be made of the paper. However, I would 
like to add a few observations on behalf of Sheffield 
University on certain aspects of the work. 

I would like to discuss the intergranular fracture 
which the Committee has found in sub-critically annealed 
ingots; Fig. 3e of the paper shows a fracture of this 
kind, with a predominantly intergranular fracture 
running from the outside to the centre of the ingot 
around the prior austenite grain boundaries which are 
shown up by the ammonium persulphate etch. This 
type of fracture was brought to our notice about two 
years ago by Dr. Burton, and we have done a consider- 
able amount of work investigating the problem. 

We have cast a large number of varying ingot compo- 
sitions from 15-lb h.f. melts into sand moulds, and 
Fig. C shows the composition limit for intergranular 
fracture in sub-critically annealed Ni-Cr steels. It 
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will be seen from the paper that the composition of the 
l-ton ingots (3-3% Ni, 1-05% Cr) falls on the region of 
transgranular fracture in the small ingots, though their 
fracture was predominantly intergranular. Similarly, 
45-ton ingots of 3-7% Ni, 1-1% Cr reported by Andrew 
et al.* were completely intergranular in the transgranular 
region of the small ingots. Thus, large ingots show a 
greater susceptibility to intergranular fracture than the 
smaller 15-lb casts, and if this effect is due to cooling 
rate in the mould, then the conditions of pouring rate 
and pouring temperature which give rise to slow cooling 
rates will increase the tendency to intergranular failure. 

We have examined the grain boundaries in these 
steels with the optical and electron microscopes, but no 
unusual precipitates are visible. Thus the grain 
boundary weakness is not due to precipitation. We 
believe it is a direct effect of alloying elements on the 
y-grain boundary strength, and therefore is an inherent 
form of weakness. 

Evidence of a differing composition at the boundaries 
can be obtained by hot macro-etching in an aqueous 
solution of 38% HCl and 12% H,SO, which reveals the 
y-grain boundary system intersecting the primary 
dendrites. 

The 1-ton ingots cast by the Ingots Committee had 
additions of 1 lb of aluminium per ton, but this would 
not have influenced significantly the grain boundary 
strength by aluminium nitride formation, and the 
weakness is probably the same as in the 15-lb ingots 
which were not aluminium-killed. 

It is our opinion that this inherent form of inter- 
granular weakness is due to the alloying elements 
themselves, and that it is a contributing factor in many 
cases of ingot fracture which are predominantly inter- 
granular, such as hydrogen embrittlement, aluminium 
nitride embrittlement, corner cracking, and panel 
cracking. We also believe that it accounts for the 
increased susceptibility of certain high-alloy ferritic 
steels to these troubles. 

Dr. L. Northcott (Armament Research and Develop- 
ment Establishment): I feel that Mr. Russell’s suggestion 
is a modification of that given in the paper. We have 
experience of non-ferrous alloys, in particular single 
phase alloys not undergoing a transformation, where the 
primary dendrite boundary cuts across the end of a 
dendrite. That may be attributed to grain growth at 
the high temperature following the stresses brought about 
by contraction through cooling. Normally, recrystalliza- 
tion will only occur as a result of internal stress plus heat. 





*J. H. Andrew, J. N. Greenwood, and G. W. Green: J. 
Tron Steel Inst:, 1919, vol. 100, pp. 231-323. 





1550 






O- 5% C approx 





Sand liq. 








1400F 








1 1 1 l l 
O-l O-2 O3 O-4 O:5 O-6 
CARBON, °%/o 





Fig A—lIron-carbon diagram showing peritectic 
reaction at AB 


DECEMBER, 1956 














Mr. 
bound 
they 
somew 
change 
crystal 


wok 


60+ 


NICKEL, °o 


30 F 





DECEMBE| 


p- 
yn 
ve 
le 
he 


56 





DISCUSSION ON INGOT STRUCTURE 451 





," 
Fig. B—Micrograph of 1.25°, C steel, showing bound- 
ary of secondary crystallization formed by hyper- 


eutectoid cement, etched in alkaline sodium 
picrate. x 150 


Mr. Russell did not say whether these were ferritic 
boundaries crossing the primary crystals. If they were, 
they would not have formed at the 1400° C level but 
somewhere at a much lower temperature at the y-a 
change. In other words, the outline of the primary 
crystals might still be that illustrated at the temperature 
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Fig. D—Three types of crystal in normal ingots up to 
25 cwt 


indicated, with a change to the other on recrystallization. 
It would depend on the temperature gradient at the time 
the ingot cooled to the temperature indicated. What 
was the carbon content? We have been trying to get 
material away from the limit of the 6-phase because the 
composition of that point is rather indefinite. 

Mr. Russeil: The carbon content was 1°%. 

Dr. Northcott: In that case, we can imagine it well 
away from the 6-phase. These would be y-primaries 
with a structure similar to the tertiary structure des- 
cribed in Mr. Barraclough’s paper. 

The President (Dr. H. H. Burton): A point which I 
should like to raise is whether the members of the panel 
who carried out the later examination (I was associated 
only with the earlier part) consider that these sample 
ingots are large enough to enable sound conclusions 
to be drawn with regard to the effect of casting tempera- 
ture and pouring speed. Also, are the ranges of these 
variables employed in the study sufticiently wide to 
provide the necessary evidence? 

Mr. H. Allsopp (Brown Bayley Steels Ltd.): On the 
point Dr. Burton has made, we have examined a number 
of additional ingots of Ni-Cr steel of about the same 
weight and dimensions as those used in the experiments 
by the Ingot Committee, and which have been cast 
under conditions of quite wide variations of casting 
temperature and teeming speed. 
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Fig. E—Structure of sectioned ingot 





The differences in respect of the general crystal form, 
and I refer particularly to the columnar crystals, are 
not greater than those exhibited by the four ingots 
used for the B.I.8.R.A. investigation. I believe that 
they can be taken as adequate and representative of the 
effect of the stated variation in casting conditions, at 
least in ingots up to 25 ewt. 

Mr. Gray said that we had made no reference to the 
nuclear crystals. That is true, and is simply because 
these crystals are present in all four ingots and the 
general distribution is not significantly different. The 
only significant difference is that which we recorded in 
the length of the columnar crystals. 

There is a point of great interest to me in Mr. Gray’s 
paper.* Iam not prepared to argue about the formation 
of the crystals, but it is pleasing to see it so clearly 
expressed that in a normal piece of cast material there 
may be three different types of crystals: (a) columnar, 
(6) equiaxed dendritic, (c) nuclear, and although Mr. 
Gray’s work was done on sand castings these three types 
are equally found in normal ingots, at least of the weight 
given above. 

The general arrangement of these forms of crystals 
in such ingots conforms to a fairly regular pattern 
(Fig. D). In this, the various types of crystals are 
identified, as in Mr. Gray’s paper. 

Some work is being done on ingot structures because 
there is evidence of considerable differences in the 
properties and behaviour of the nuclear material as 
compared with the dendritic, and it seems that until it 
van be explained how this rough pyramidal form of 
nuclear material in the body of the ingot is formed, it 





* J. Tron Steel Inst., 1956, vol. 182, pp. 366-374. 


will not be possible to explain the differences observed. 


The President: Earlier I mentioned ingot size, since 
this greatly affects the rate of solidification. Some of 
you may have seen the picture which has appeared 
several times in German publications and shows a 
pattern quite different from that drawn on the board 
by Mr. Allsop. An example of this pattern (Fig. £) 
was taken from the paper by Amareller published in 
the Journées de la Grosse Forge Frangaise in 1952. 
I recollect some illustrations prepared by Hatfield in 
the second report of the Heterogeneity of Ingots 
Committee, in which the structure of two sectioned 
ingots was reproduced by careful drawing. The 
drawing was excellent, but the crystals were wrongly 
considered to be primary crystals: in fact they were 
more like the illustrations in Fig. 2 of the present paper. 
My recollection is that these ingots showed mucli 
greater variations between hot and cold casting than 
those reported in the present investigation, and | 
wonder whether the authors referred to this earlier 
work in considering their conclusions. 


Mr. Barraclough: With regard to the size of the 
sample, obviously there is a limit to what can be done 
in the way of the cutting up of ingots. The main 
thought behind the experimental work which has been 
described was the possibility of obtaining a reasonably 
wide range of temperature and casting speed from one 
particular cast. That there were no larger differences 
than we found was a surprise to all of us: we expected 
to find far more than we did. 

Dr. Ward’s contribution is very interesting. One 
of the reasons why we picked this particular type of 
steel is that it is one in which we expected trouble in the 
ingots with regard to transverse cracking. We thought 
that in addition to the differences that we might find in 
structure, we might find some explanation as to why 
this steel is particularly prone to what we term 
‘pulling’ or transverse cracking in the ingot. You will 
notice from the paper that the hot ingot, cast quickly, 
exhibited a considerable number of transverse cracks. 

I would say that the range of temperature and 
casting speed which we obtained across these four 
ingots is as large as, if not larger than, what we should 
anticipate finding in the commercial production of this 
material in this size of ingot. 
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This discussicn was based on the following papers (the 
dates of publication in the Journal are given in paren- 
theses): 


** Stress/Strain Curves of Some Metals and Alloys at 
Low Temperatures and High Rates of Strain,’’ by 
H. G. Baron (1956, vol. 182, April, pp. 354-365.) 

** Yield Behaviour of Metals at Low Temperatures 
with Particular Reference to some Carbon and Low- 
Alloy Steels,” by H. F. Hall and R. W. Nichols 
(1955, vol. 180, August, pp. 329-336). 

‘* The Hardness of some Carbon and Low-Alloy Steels 
at Low Temperatures,” by R. W. Nichols (1956, 
vol. 182, pp. 348-354). 

** The Mechanical Properties of Carbon Steel Wire at 
Low Temperatures,” by R. W. Nichols (Ibid. 
pp. 337-347). 

Mr. H. G. Baron (Ministry of Supply) presented the 
first paper, Mr. H. F. Hall (Ministry of Supply) the 
second, and Mr. R, W. Nichols (U.K. Atomic Energy 
Authority) the third and fourth. 


Dr. N. P. Allen, F.R.s. (National Physical Laboratory): 
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These four papers from Dr. Northcott’s laboratory are 
very welcome, and will be standard references for a 
long time to come. 

I wish to discuss the paper by Hall and Nichols in 
relation to the information about fracture which it 
contains. 

From the very charming lecture* which Professor 
Mott gave yesterday it was clear that not everything 
about fracture is yet understood. He did his best to 
convince us that both brittle fractures and ductile 
fractures stem from the gathering together of dislocations 
at the grain boundary, causing a stress at an angle of 
70° which is in some way the origin of both ductile 
and cleavage fractures. 

In that case one would expect a parallelism between 
the stresses under which ductile fracture and _ brittle 
fracture occur. However, I feel that the results indi- 
cate that the lack of parallelism between these two 
quantities is quite as obvious as the parallelism; but the 
impressions gained by looking through a table of figures 





* Ninth Hatfield Memorial Lecture. 


DECEMBER, 1956 





are 
sel 
the 
wh 
the 
by 
or | 
! 
bet 
defi 
brit 
rest 
tha 
in 1 
trar 
atel 
iron 
exis 
lelis 
thei 
at li 
pact 
TI 
an ¢€ 
mate 
tem] 
liqui 
dow) 
wher 
ditio: 
mate 
cond 
pecte 
the a 
Th 
Fig. | 
temp 
was | 
curve 
to sta 
that t 
ture. 
that 
tempe 
as we 
have 
The v 
is not 
been ce 
fractu 
of dow 
reason 
write | 
and te 
conclu: 
ship, o 
sent. 
Ther 
this Fi; 
stress 
be low 
diagrar 
every t 
If that 
but ma 
to raise 
Both 
Nichols 
Bilby e 
tempers 
confirm; 
‘raw ’d 


DECEME 


x6! 
ne 
ly 


re 


ch 
al 


ier 


he 
ne 
uN 
en 
ply 
me 
ces 
ted 


yne 

of 
the 
ght 
1 in 
vhy 
erm 
will 
kly, 


and 
four 
yuld 
this 


- are 
or a 


Is in 
h it 


essor 
ching 
st to 
ictile 
tions 
le of 
ictile 


ween 
rittle 

indi- 
» two 
it the 
gures 





1956 





DISCUSSION ON METALS AT LOW TEMPERATURES 453 


are not as useful as those obtained by the workers them- 
selves as they examine one sample after another in 
their practical work, and I should like to ask them 
whether or not they think as a result of their work that 
the brittle fracture and the ductile fracture are governed 
by laws which are essentially different from each other 
or by laws which are essentially alike. 

Another aspect of these results is that of the parallelism 
between the impact transition temperature as suitably 
defined and the tensile strength of the material in the 
brittle condition. At the N.P.L. a very striking set of 
results on iron—oxygen alloys was obtained, showing 
that under certain conditions when the tensile strength 
in the brittle condition in liquid air fell, the impact 
transition temperature rose correspondingly; but immedi- 
ately after that another set of results was obtained on 
iron—carbon alloys in which that parallelism did not 
exist. The authors will probably agree that the paral- 
lelism for which I was looking in this case is not shown in 
their results. It must be agreed that the tensile strength 
at liquid air temperature is not a clear index to the im- 
pact transition temperature of the material. 

There are some interesting things which emerge from 
an examination of the authors’ results. If the same 
material is taken both as annealed and as-quenched and 
tempered, it is found that when the tensile strength at 
liquid air temperature in the brittle condition goes 
down, the impact transition temperature goes up; but 
when the materials are examined in the as-rolled con- 
dition there is a curious anomaly in that the rolled 
materials appear to have a greater strength in the brittle 
condition at liquid air temperature than would be ex- 
pected from their impact transition temperatures. Have 
the authors any ideas about that? 

The authors are right in laying great emphasis on 
Fig. 10, which shows the variation of brittle strength with 
temperature. Some 8 or 10 years ago, brittle fracture 
was explained by the crossing of the fracture-stress 
curve with the yield-stress curve, and it was common 
to state that there was good theoretical reason to suppose 
that the fracture-stress would be independent of tempera- 
ture. In the light of the evidence, it must be accepted 
that the brittle fracture-stress is not independent of 
temperature. The authors have found this to be so, 
as we have done in work at the N.P.L., and the authors 
have found supporting information in the literature. 
The variation of brittle fracture-stress with temperature 
is not always the same in our experience. There have 
been cases, admittedly unusual cases, in which the brittle 
fracture-stress goes up with rise in temperature instead 
of down, as the authors of this paper indicate. For that 
reason, perhaps the logarithmic relationship which they 
write down for the connection between fracture-stress 
and temperature is a little premature, and therefore the 
conclusions in Fig. 11, which are based on that relation- 
ship, ought to be looked at rather guardedly for the pre- 
sent. 

There is an interesting conclusion to be drawn from 
this Fig. 11. The authors think that whenever the proof 
stress of a material is raised, the fracture-stress tends to 
be lowered. The conclusion might be drawn from that 
diagram that the tendency to brittle fracture increases 
every time the yield-point is raised in a given material. 
If that is true it is a rather disheartening conclusion, 
but may there not be conditions in which it is possible 
to raise both together? 

Both in the paper by Mr. Baron and in those by Mr. 
Nichols there is a tendency to accept the Cottrell and 
Bilby explanation of the variation of yield-point with 
temperature and to feel that their work in general is a 
confirmation of that theory; but looking through the 
‘raw ’ data, i.e. without doing any mathematics on them, 
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bui taking the figures as one sees them, I do not feel 
that they entirely confirm that point of view. The 
curves for the Ni and Ni-Cr steels, for example, do not 
follow the standard pattern, though the conditions 
assumed by the Cottrell-Bilby theory exist in them just 
as in any other steel. 

The same impression is given in looking at the effects 
of strain rate on the yield-point, as shown in Mr. Baron’s 
interesting paper. He considers his results theoretically 
from the point of view of the Cottrell-Bilby theory, 
but what strikes me about them is that the effect of the 
strain rate is very different in different materials, e.g. 
in Armco iron there is a much more striking effect than 
in the Ni-Cr steels. On the basis of the information 
offered, it must be admitted that there is a delay time 
in plastic deformation; but the results are such as to 
lead to the conclusion that the delay time is much more 
prominent with such materials as Armco iron and mild 
steel than with the heat-treated alloy steels. With 
Armco iron the yield-point is about 40 tons/in? with the 
fast rate of strain but only 10 tons/in? at the slow rate, 
indicating that in the case of that material the disloca- 
tions (if we adopt the dislocation theory) have the 
characteristic of being able to move freely if given time. 
whereas with the 25° ,-Ni-Cr—Mo steel the yield-point 
under the fast rate of strain is 50 tons/in? and unde1 
the slow rate 40 tons/in?, indicating that the dislocations 
in that case are held much more firmly, so that even 
under high stress and waiting a long time they still 
do not budge. For some reason, therefore, there must 
be a locking in the 25°,—Ni-Cr—Mo steel which is entirely 
different from that of the Armco iron; and yet all these 
materials are mixtures of ferrite with some carbon in it 
and enough carbon to saturate the dislocations, besides 
carbide in some form, so that it is not easy to see why a 
difference of this kind should exist if the theory which 
has been put forward is really true. 

In conclusion, we have to admit the existence not only 
of the Cottrell-Bilby mechanism but of a number of 
other significant mechanisms of dislocation locking in 
steel. We may hope that the nature of these mechanisms 
will be disclosed as the work advances. 

Monsieur J. Plateau (IRSID): At IRSID, when 
attempting to define the mechanism of the impact test, 
it has been found necessary to study the relation be- 
tween this test and the tensile test, and to compare the 
indications given by the two tests with the mechanisms 
of fracture. 

The results of this study have been the subject of 
other papers,! and for the present it will suftice to detail 
the findings which make it possible to compare the results 
of Messrs. Hall and Nichols with those of IRSID. 

To avoid the effects of composition, the tests were 
carried out on one steel only, a very soft basic Bessemer 
of 0:06% C. This was subjected to various heat-treat- 
ments, such as cooling at different rates, and furnace 
cooling to 700°, 650°, 600°, and 550° C, followed by water- 
quenching. 

The U.F. impact specimen used had a U-notch of 
2-mm root dia., of depth half the thickness of the speci- 
men, and which allowed the transition temperature to 
be previously determined. It was thought that the 
sharpest possible notch would have given the clearest 
indication of the conditions for the propagation of frac- 
ture, but a V-notch is not sharp enough, and the doubt 
which surrounds the method of initiation of fracture 
might have affected the other information given by the 
test. However, the tensile tests carried out in the cold 
and at sub-zero temperatures on polished specimens have 
been supplemented by tests on W-notched specimens. 

In these experimental conditions no correlation was 
found, at least within the range of heat-treatments 
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(a) Long neck with V at cone 
(b) Shorter neck, more restricted cone 
(c) Almost straight fracture 


Fig. A—Various types of fracture obtained in tensile 
test 


applied, between the transition temperature or the im- 
pact values at a given temperature, and the tensile 
characteristics between + 20°C and — 196° C, whether 
the specimen be polished or notched. More particularly, 
the reduction in area is not connected with the transition 
temperature or the impact value. 

During these experiments the following points have 
been established: 

(i) The breaking stress of a notched tensile specimen 
at — 196°C gives no indication of resistance to 
shear; in fact, although the stress/strain curve 
does not reveal it, partial plastification takes place 
in the notched specimens before fracture occurs. 

(ii) In the neighbourhood of the transition temperature 
brittle fracture in U.F. notched specimens begins in 
a zone which is already plastically deformed. 

It would be difficult to compare the properties deter- 
mined under slow loading and those found by rapid 
bending under impact, for on the one hand the ‘ dynamic 
factor ’ suggested by Hall and Nichols cannot be deter- 
mined without tensile tests below the temperature of 
liquid nitrogen, and this factor cannot be used without 
correction when the fracture begins in an already plastic- 
ally deformed zone, as happens in the U.F. notched tests 
on very soft steels. 

At the same time it is necessary to know the extent 
to which brittle fracture is restricted by previous defor- 
mation and the restriction provided by any given defor- 
mation. These questions have not been answered. 
Nevertheless certain indications of the influence of 
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deformation on the prevention of brittle fracture have 
not been obtained by study of the statistical distribution 
of the elongations of a series of polished specimens at a 
uniform temperature. Bimodality, even trimodality, 
of the results is to be seen, which indicates a certain 
rheotropic modification of the brittleness of the steel, 
and attempts have been made to explain this in terms of 
dislocations and intercrystalline interference. 

As to the restrictive influence of any given deformation, 
it has been shown to what great extent this depends on 
the sensitivity of the steel to the rate of loading, and on 
the effect of temperature. In an impact test, the local 
heating may be considerable. These influences are 
particularly well shown in the results presented in the 
paper by Mr. Baron. 

Lt.-Commander G, K. Rylands (Rylands Bros.): Mr. 
Nichols’s paper on ‘The Mechanical Properties of 
Carbon Steel Wire at Low Temperatures” was of great 
interest, but there are one or two points in connection 
with it to which I should like to refer. 

I note the wire has been drawn with a total reduction 
in area from the patented base of 88-89%. This seems 
very high for rope wire in the sizes under consideration; 
surely wire of this sort would be more suitable for spring 
wire. 

The author shows stress/strain curves in Fig. 2, but 
before their value can be assessed, it is necessary to 
know more about how the wire was produced, whether 
it was finished hot or cold, and how long after drawing 
were the specimens tested. All these points will have a 
bearing on the shape of the stress/strain curve. Pro- 
vided, of course, all the samples were produced the same 
way and tested at the same time interval after drawing, 
the stress/strain curves taken at different temperatures 
will be comparable. It may be noted that for drawn 
wire there is no elastic limit and no limit of proportion- 
ality. The stress/strain curve is a smooth curve which 
can be represented approximately by the equation 
Y = az? + bx’. 

The notch impact tests are of some value, but here 
again it is essential to compare like with like. Photo- 
graphs of the structure of the wire before drawing would 
have been interesting. Was the structure of sorbite 
or ferrite—pearlite, and moreover, was the structure of 
all the samples the same? It is, of course, well known 
that the microstructure does have a serious effect on the 
result of the notch impact test. 

In Haigh-Rvbertson fatigue tests at different tempera- 
tures it is my experience that the end result is controlled 
by the surface condition of the material and does not 
give much information about its performance as rope 
wire. It will be remembered that some years ago, a 
suspension bridge was built in the U.S.A. in which the wire 
in the suspension strands had admirable fatigue and 
elastic properties, but the ropes failed after a very short 
life and the bridge fell into the river. The suspension 
strands were replaced and made up from drawn wire of 
far inferior fatigue and elascic properties to the original 
wire, and the bridge is still in existence to-day. Too 
much reliance should not be placed either on the Haigh- 
Robertson results or the tye of bending test described 
in this paper, but from point of view of comparing what 
happens at different temperatures, the results are of 
value provided always the microstructures and surface 
condition of the samples tested were the same. It is 
comforting to learn that no serious changes develop at 
temperatures likely to be experienced in practice, but 
with the various new uses to which wire is put, this may 
be a problem to be faced in the foreseeable future. 

Mr. G. M. Boyd (Lloyd’s Register of Shipping): As an 
engineer, I have come here to learn something which 
might be directly applicable to the problems met with 
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DISCUSSION ON METALS 


in engineering. My first question concerns the attempts 
to find a correlation between transition temperatures 
in notch impact tests and the tensile test. It is peculiar 
that very little attention is paid to the character of the 
fracture in the tensile test itself. The shape of the stress 
strain diagram is studied quite closely, but if the type 
of fracture obtained in a tensile test is examined (Fig. 
A) it will be seen to vary from a long neck with a V 
at the cone, through a rather more restricted cone with 
a shorter neck, to the other extreme where there is a 
more or less straight fracture across. Any of those 
three types and intermediate ones may occur after the 
stress/strain diagram has gone through practically the 
same processes. There is also the question of where the 
extension or elongation is taken from, as indicated by 
the dotted line. It will probably give the same strain 
over the area involved in the fracture. 

Mr. Hall has noted the agreement with Dr. Tipper’s 
results when the reduction in area of the tensile speci- 
men is calculated. The reduction in area is also closely 
related to the type of fracture in the way that I have 
described. 

Mr. Hall also mentioned the relationship between the 
notch bar impact test and design, but he did not explain 
what that relationship was. He also mentioned a 
‘dynamic factor’ for a structure, but how can this be 
calculated, for example, for a ship ? 

One feature of the French work described by Monsieur 
Plateau is of great importance, viz. the statistical analy- 
sis of the Charpy curves, both the U-notch and the V- 
notch type, which revealed two curves representing two 
different modes of fracture (Fig. B). In between there 
is a scatter zone where it might be one or the other. 
The essential point was that in the upper curve the frac- 
ture extended from the bottom of the notch and merely 
spread through the specimen by extending the fracture, 
whereas in the case of the lower curve, the fracture 
commenced in the interior of the specimen. The two 
are totally different phenomena, and I do not believe 
that we can discuss them merely by drawing an average 
between them; it needs deeper study. 


AUTHORS’ REPLIES 

The Authors wrote: In reply to Dr. Allen, whereas the 
present results do not in themselves permit any com- 
parison of the laws governing brittle and ductile fracture, 
our experience of a wide range of material suggests 
that intercrystalline fracture, brittle transcrystalline 
fracture, and ductile fracture show many similar features 
at least on a macroscale. We would agree that the 
tensile strength at — 196° C is not a clear indication of 
the impact transition temperature of the material, 
largely because the materials are not completely brittle 
at this temperature. It is interesting to note that 
M. Plateau’s results confirm this even in notched speci- 
mens. This fact does, of course, limit the application 
of the ‘dynamic factor’ approach to the more brittle 
steels, but it is felt that the concept is of value in that 
it demonstrates the improbability of finding a simple 
correlation between tensile and impact properties. The 
calculation of the dynamic factor was intended for simple 
structures under known strain-rates rather than the 
complex ship structures mentioned by Mr. Boyd. 

Dr. Allen refers to Fig. 10 of the paper by Hall and 
Nichols, and mentions the possibility of materials in 
which the fracture stress increases with increasing 
temperature. The authors have recently found a simi- 
lar effect in one material. It must be remembered, 
however, that there are many experimental difficulties, 
e.g. obtaining a complete brittleness and ensuring axial 
loading, which militate against obtaining a temperature/ 
fracture-stress relationship over a wide temperature 
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TEMPERATURE 
(a) Ductile fractures, simple extension of fracture 
(b) Brittle fractures, commencing in interior of metal 


Fig. B—Statistical analysis of Charpy curves revealing 
two different modes of fracture 


range, and the one suggested in the paper would appear 
to fit the majority of published results. It should be 
pointed out that the general shape of the dynamic 
factor/proof-stress curve (Fig. 11) and the resulting 
conclusions are not greatly affected by assuming a 
constant fracture stress. 

We do not agree that this diagram implies that the 
fracture stress tends to be lowered whenever the proof 
stress is raised. The effect of such an increase is to 
decrease the temperature and strain-rate dependency 
(dynamic factor) and its effect on the actual level of 
fracture stress cannot be determined directly from Fig. 
11. Study of the actual experimental results in Fig.4 
reveals several examples where a change of treatment 
has resulted in both a decrease of transition temperature 
and an increase of room temperature proof stress. 

In reply to Dr. Allen’s remarks about the Cottrell 
and Bilby theory of the yield point, it is agreed that the 
present work by itself is in no way a confirmation of the 
theory. However, there seems little doubt from the 
experimental work of Cottrell and others that the founda- 
tions of the theory (dislocation locking by carbon and 
nitrogen atoms) are correct. The theory gives the 
metallurgist something constructive to think about when 
considering his results but it does leave many features 
of the yield point phenomenon unexplained. The 
particular difficulty Dr. Allen mentions, of the 
difference in yield-point behaviour between the soft 
steels and the Ni-Cr—Mo steels, may perhaps result from 
differences in the form and distribution of the carbide 


‘ particles, especially if there is some degree of precipita- 


tion hardening in the latter steels. The difference in 
temperature and strain-rate sensitivity of these steels is 
associated with a difference in shape of the stress/strain 
curve. Cottrell? has suggested that the sharp yield point 
is less marked in high-carbon or alloy steels because 
‘other obstacles, particularly particles of free carbide, 
are then present which cannot be overcome by the dislo- 
cations except at higher stresses than those needed to 
release them from atmospheres’. In addition, if the 
distance between precipitated particles is of a suitable 
order of magnitude the activation energy required to 
move a dislocation past these obstacles is expected to 
become very large,” and this would explain the smaller 
effect of strain-rate and temperature on the yield stress 
of the Ni—-Cr—Mo steels. 

A further possibility is that some of the solute atoms 
(e.g. Ni or Mn) group themselves with the interstitial 
anchors and so reduce the internal stress field around 
them. Some evidence for this effect is provided by 
internal friction measurements of Fast® and Dijkstra.4 
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With reference to Lt.-Commander Rylands’ remarks 
on the carbon steel wire, it is confirmed that the material 
was subjected to an 88-89% total reduction. No further 
details on the production of the wire can be provided, 
but the main purpose of the tests was to study the 
comparative effects of temperature variation. The 
specimens so compared were of similar microstructure 
and the room- and low-temperature tests were carried 
out by similar techniques and, as far as possible, at 
similar time intervals after drawing. It is agreed that 
the surface condition has a large influence on the fatigue 
and the present work on the annealed wire confirms this. 


DISCUSSION ON ALLOY STEELS 


Care was taken, however, to ensure that surface condi- 
tions of the specimens of each material tested at the 


different temperatures were similar. 
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ALLOY STEELS 


This discussion was based on the following papers 
(the dates of publication in the Journal are given in 
parentheses): 

“‘ Effect of Phosphorus Content on Impact Value of 
Fully and Partially Hardened and Tempered Mn-Mo 
Steels,” by N. P. Allen and C. C. Earley (1956, vol. 
182, April, pp. 375-388). 

“A Study of the Impact Properties of Boron- 
Treated Steel,” by S. J. Rosenberg and J. D. Grimsley 
(1956, vol. 182, March, pp. 278-292). 

Dr. N. P. Allen (National Physical Laboratory) 
presented both papers. 

Dr. B. C. Woodfine (G.E.C. Simon-Carves Atomic 
Energy Group): The paper by Rosenberg and Grimsley 
raises two very important questions of general interest. 
The first is how the transition temperature as defined 
by the notch bar impact test should be chosen, and the 
second is how the effect produced on the fracture 
energy/testing temperature curve by an embrittlement 
phenomenon such as temper brittleness should be 
evaluated. Both questions, and particularly the first, 
have been and are the subject of considerable debate, 
but neither will be resolved until we have achieved a 
much closer understanding of the mechanism of deforma- 
tion and fracture in notch bar impact specimens. 

Unfortunately, the results obtained in the notch bar 
impact test do not refer to a unique property of the 
material but depend in a very complex manner on the 
interrelation of yield stress, fracture stress, strain, strain 
rate, temperature, and the stress system, and it should 
be obvious therefore that we cannot define the fracture 
energy/testing temperature curve by any single para- 
meter. This point is clearly brought out by the authors, 
who emphasize the need to consider the curve as a 
whole. In most cases the same qualitative conclusions 
in respect of the influence of a given variable on the 
fracture energy curve will be reached irrespective of 
the criterion chosen, and this is probably no more than 
we can reasonably expect in view of the complex nature 
of the test. 

However, as it is necessary to reduce the number of 
criteria in use, I venture to suggest that the curve should 
be specified by reporting the maximum testing tempera- 
ture for 100% brittle fracture, the minimum testing 
temperature for 0% brittle fracture, and the fracture 
energies corresponding to these two temperatures. 

When it is considered how to evaluate the embrittle- 
ment caused by temper brittleness, there seems to be no 
alternative at the moment to taking the shift of tran- 
sition temperature as a measure of the embrittlement, 
without considering the actual value of either of the 
individual transition temperatures, although it is almost 
certain that a given decrease in fracture stress will not 
give a constant shift in the fracture energy curve under 
all conditions. It has been suggested by Brown? that 
we should take the difference between the reciprocals 
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of the transition temperature (° K) as a measure of the 
embrittlement, having chosen the transition temperature 
by some arbitrary procedure, but not enough is known 
about the notch bar impact test to be certain that we 
are not just exchanging one arbitrary criterion for 
another. At the moment it appears that the notched 
bar impact test should be used as a qualitative rather 
than a quantitative measure of any particular embrittle- 
ment phenomenon. 

In conclusion (4), the authors say: ‘‘ When added in 
the form of simple intensifiers (addition agents C and 
G), boron had a negligible effect on temper brittleness.” 
This is not borne out by the results in Fig. 20. The 
results for these simple intensifiers, addition agents 
C and G, do not seem to differ significantly from the 
general trend of the results, no matter which criterion 
is chosen to define transition temperature. The general 
trend of the results indicates an initial increase in 
embrittlement, followed by decreasing embrittlement 
with increasing boron content, a trend which is almost 
independent of the type of intensifier used. It is 
unfortunate that the air-cooled specimens may show 
some temper brittleness themselves, and in the absence 
of data on specimens quenched from 650° C it is almost 
impossible to disentangle the real effects, if any, of 
boron on temper brittleness. 

In the curves given in Figs. 2 and 3 for various 
tempering temperatures up to 650° C, it seems likely 
that temper embrittlement will be occurring simul- 
taneously over the range from 800° to 1100° F, and if 
boron or any of the other addition agents are affecting 
the amount of temper embrittlement, this will be reflected 
in the corresponding displacement of the curves. 

It is disappointing that in neither of the papers 
before us is there any metallographic data to confirm 
that the embrittlement referred to as temper brittleness 
was in fact intergranular. It would be interesting to 
know whether the steels tempered in the region where 
temper brittleness would be expected to develop simul- 
taneously, were in fact embrittled in an intergranular 
manner. 

Rosenberg and Grimsley do not feel inclined to accept 
the fact that increasing boron apparently decreases 
temper embrittlement. They point out that for the 
steel with 0-0031°, boron added as addition agent A, 
the transition temperature of the air-cooled steel 
was increased by 60° F, over that of the base steel 
whereas the transition temperature of the furnace- 
cooled steel was only increased by 40° F, so that the 
actual shift between furnace-cooling and air-cooling 
has been decreased as compared with the base steel. 
They seem prepared to say that because the transition 
temperature of the furnace-cooled boron steel is 40° F 
more than that of the base steel similarly treated, the 
boron steel shows higher temper embrittlement. This is 
not necessarily so, because if boron is producing an 
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increase in transition temperature due to some effect 
other than temper brittleness, then the embrittlement 
due to temper brittleness will be added on to this. In 
the absence of any data for W.Q. specimens to throw 
light on possible temper embrittlement in the A.C. 
specimens, the results must be accepted at their face 
value and it must be acknowledged that increasing boron 
content apparently decreases temper embrittlement. 

In their conclusion (5) the authors say “it appears 
that boron may be added in amounts up to about 
0:0025° in the form of simple intensifiers (addition 
agents C or G) without adversely affecting the impact 
properties.” Surely this is not borne out by Fig. 12, 
which shows that at tempering temperatures of 800°, 
900°, 1000°, and 1100° F, 0-0026°4 boron has an 
appreciable effect in raising the transition curve. 
Comparing Fig. 12 with Fig. 8, it seems that the so-called 
‘‘ simple intensifiers > do not give the same results, and 
therefore it appears that they may not be so simple 
after all and some other element(s) may be having an 
effect. 

In Table I, casts C7 and C8 apparently show higher 
than 100% recovery of boron. There is also a reference 
in the paper to addition agent G, with 0-0026% boron, 
coarsening the grains, but in Table I the grain size is 
given as 7 or 8, which is the same as for most of the 
other steels. These are presumably typographical 
errors. 

The paper by Allen and Earley clearly shows the 
important effects produced by phosphorus in steel. 
In Fig. 1, comparing the transition curves of low- 
and high-phosphorus steel at various tensile levels, 
the results show that in the high-phosphorus steel 
tempered at 450°, 500°, and 550° C, embrittlement is 
developing at the same time as the steel is being 
tempered. The relative shifts of transition temperature 
with decreasing hardness are quite different for the two 
steels, and the relatively high transition temperature at 
60-65 tons/in? U.T.S. in the high-phosphorus as com- 
pared with the low-phosphorus steel indicates that 
temper brittleness is occurring simultaneously with 
tempering. Similarly, in the results in Fig. 3 for the 
transformed steels, most of the transformed steels were 
tempered in a range where temper brittleness would 
presumably be occurring at the same time, so that the 
high transition temperature shown by the transformed 
steels may be partly due to the structure per se and partly 
to temper brittleness taking place at the same time. 

I was interested to see the fatigue results, which 
show conclusively that there is no correlation between 
room-temperature fatigue tests and impact transition 
temperature. One point which I would raise here is the 
possibility that under some conditions the transition 
temperature of the steel might be very important, 
in that if a fatigue crack was formed in a structure 
there is the possibility that the structure might fail by 
brittle failure rather than by fatigue. It would be in- 
teresting to see tests done at temperatures where a 
fatigue crack, once started, might propagate subse- 
quently as a brittle crack. 

The lack of correlation between transition tempera- 
ture and room temperature fatigue strength leads one 
to consider whether or not B.S.S. 917 in specifying 
minimum Izod impact values, is not in some need of 
revision. If steels of a given tensile strength are going 
to be used in a situation where, if they fail at all, they 
will finally fail by fatigue, it seems pointless to include 
a minimum impact figure in the specification. This is 
not to suggest for a moment that Izod impact figures 
should be entirely removed from British Standards, 
but it is now time for the standards to be reviewed to 
delete room temperature Izod figures from specification 
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in which they serve no useful purpose. In any event, 
it is necessary to specify that a steel shall have a certain 
resistance to brittle failure, this is best done by speci- 
fying that it shall have a given transition temperature 
(defined as required), not that it shall show a room 
temperature impact fracture energy of a specified value. 

In conclusion (5) of this paper is there a typographical 


error where it is stated that ‘* Low impact transition 
temperature is associated with a fall of elongation 
and reduction in area at 196° CC”? Should it not 


read ‘ High impact transition temperature,” or have I 
misunderstood the meaning of the paragraph? 

The lack of correlation between impact transition 
temperature and fracture stress at — 253° C emphasizes 
the importance of considering the effect of strain and 
strain rate on yield stress and fracture stress. In 
earlier papers read at this meeting the authors have made 
various attempts to correlate tensile and notch bar 
properties. When this is being done it is extremely 
important to take into account all the relevant factors 
and not to expect to find that the relationship between 
fracture stress and yield stress will necessarily correlate 
with transition temperature. It must be borne in mind 
that the variation of yield stress or flow stress with strain 
and strain rate, for instance, is extremely important. 

Mr. W. J. Jackson (British Steel Castings Research 
Association): The statement in the first paper that “a 
rapid change may take place in martensite that makes 
for increased transition temperature after the martensite 
has been tempered, and that phosphorus increases the 
speed of this change,”’ is a little puzzling. I suggest, 
without supporting evidence, that in a W.Q. steel the 
grains have a greater freedom from micro-segregation of 
carbon than in an O.Q. steel. This effect will be more 
pronounced in phosphorus-bearing steels, where carbon 
is particularly prone to segregation. Molybdenum will 
have a similar effect in restricting carbon segregation. 
Thus, water-quenching or the addition of molybdenum 
will substantially lower the transition temperature of a 
phosphorus-bearing steel, assuming that noteh bar 
impact transition characteristics are influenced by the 
conditions existing at the grain boundaries. 

In the paper by Rosenberg and Grimsley, it is sug- 
gested that titanium rather than boron is responsible 
for temper embrittlement in the steels treated with the 
titanium-containing intensifiers. This should not be 
accepted too readily, because on a closer examination of 
their results no relation between transition temperature 
shift and titanium content is immediately apparent. 
It would be interesting to know, therefore, whether these 
authors have any other data on the effect of titanium 
on the susceptibility of the steel to temper brittleness. 

Mr. G. M. Boyd (Lloyd’s Register of Shipping): Both 
these papers centre round the definition of transition 
temperature, and I sympathize with research workers 
who are searching for relationships between one thing 
and another without having a real, measurable basic 
criterion, for reference. So far as engineers are con- 
cerned, ultimately this criterion must be service per- 
formance. Lloyd’s Register has made an _ earnest 
attempt to find some correlation between all these 
different definitions of transition temperature and 
service behaviour. It is quite evident that there are 
considerable differences between the results that are 
obtained by different definitions, but there are apparently 
several reasons for that. 

For example, in the paper by Allen and Earley 
some of the curves have a tendency which I will exagger- 
ate a little, but they are of the type shown in Fig. A. 
Looking at the complete curves, one would say that they 
all had roughly the same transition range; but if that 
transition range is defined at a certain level of energy, 
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Fig. A—Variation of impact transition temperature 
with tensile level (based on results of Allen and 
Earley) 


the curves would show very different transition tempera- 
tures, as far as energy is concerned. If one considered 
the character of the fracture, there would be a different 
result again. For example, if, on these curves the 
position at which the fracture is 50% crystalline is 
marked as an indication, we find that these points are 
widely distributed in a most baffling way. There is no 
relation between them and the energy level. There are 
many cases in which two steels giving almost identical 
energy levels have a very different fracture appearance, 
while two steels with the same fracture appearance may 
have widely different energies. That led to a study of 
the type of criteria which related best to our experience 
in service, and we find that, although the correlation is 
by no means 100%, there is undoubtedly a marked bias 
in favour of fracture appearance as a criterion. The 
interesting thing about that also is that the fracture 
appearance seems to be about the only criterion which is 
almost insensitive to geometry. That is shown by 
studies which have been made in the U.S.A. 

There is, however, one serious drawback to the 
fracture appearance as a criterion, and that is that it is 
possible to get a good fracture appearance transition 
by several means. One of these is a function of the 
composition or microstructure of the metal, and the 
other is a function of what may be called the macro- 
structure, i.e. the distribution of inclusions etc. in 
the steel. A steel which metallurgically is considered 
‘diity ’, i.e. one with a lot of stringers and flaky inclu- 
sions, tends to give a good result on fracture appearance 
transition, but brings with it disadvantages, e.g. in 
regard to welding and in the strength in the thickness 
direction, which is very much reduced. Metallurgists 
may be interested to know that although it is not entirely 
clear at the moment we are beginning to see some day- 
light through this transition-temperature jungle. 

Mr. C. C. Earley: I should like to make a few com- 
ments on what Dr. Woodfine said on the paper by 
Dr. Allen and myself. With reference to the develop- 
ment of intergranular brittleness, we have done a great 
deal of microscopic examination not only of the steels 
heat-treated in various ways but also of the fractures. 
Steels which have been quenched and tempered have 
marked acicular patterns, making it difficult to define 
the grain size, and it is very difficult to say whether or 
not the material is failing in an intergranular manner. 
Of the fractures that we have examined it appears that 
failure, so far as we can judge, is by cleavage. 
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Referring to Dr. Woodfine’s remarks about temper 
brittleness during tempering, we tried to obviate its 
occurrence by giving the specimens a short tempering 
time of 1 h, and all the specimens were quenched from 
the tempering temperature, so that we think that the 
temper brittleness occurring during the tempering 
treatment will be very small indeed. 

Mr. Jackson said that he did not agree entirely with 
our viewpoint on the differences of transition tempera- 
ture between O.Q. and W.Q. steels. Whilst his remarks 
on the segregation of carbon and the influence of 
phosphorus and molybdenum are quite relevant, he has 
only put forward another suggestion which may be 
regarded as alternative to the one we have made. 

Dr. Woodfine is, of course, quite correct in pointing out 


that the word ‘low’ in conclusion 5 should have been 
‘high.’ 
CORRESPONDENCE 

Professor E. Houdremont and Dr. W. Reich (Essen) 
wrote: We have read with much pleasure and great 
interest the paper of Allen and Earley. This work 
confirms and completes earlier findings, i.e. that fully 
hardened and tempered steels exhibit the best impact 
properties, if temper brittleness is avoided. But there 
are some exceptions from this common rule: high strength 
Cr-Mo-V steels offer a better impact value at room 
temperature if they are transformed in the lower 
bainitic range at temperatures between 250° and 300° C, 
than if they are fully hardened and tempered to the 
same hardness.?. It would be of interest to know whether 
the authors observed this with Mn—Mo steels. 

To obtain the best toughness, Mn—Mo steels should 
not contain more than 0-:03% P. This is in accordance 
with 30 years or more of empirical experiment which 
led to the limitation of the phosphorus content to 
0-:035% in low-quality steels, and to 0-025% in high- 
quality steels, e.g. ball-bearing steels. Another question 
is: did the authors test the properties of the steels with 
higher phosphorus content immediately after the 
tempering procedure, or has some time elapsed with the 
finishing of the specimens? It is known from earlier 
investigations® that steels with higher phosphorus content 
suffer a drop in their impact value during the resting 
at room temperature within 24 h and more. 

The results of the tensile tests at low temperatures 
are not conclusive as to the influence of the transforma- 
tion in the martensitic range and the bainitic range 
and the phosphorus and molybdenum content. This 
may be partly because different tempering temperatures 
had to be chosen to get the same strength, and that 
some tempering temperatures had fallen into the 
critical range of temper embrittlement, but it would also 


be necessary to take into consideration the influence of 


different phosphorus and molybdenum contents on the 
rate of the bainite reaction. 

In this work the confirmation of the deteriorating 
influence of phosphorus on temper brittleness as it has 
been found by Bennek,* and the inverse effect of 
molybdenum is especially valuable. But much work has 
to be done to enlighten the mechanism of the temper 
brittleness and the special importance of molybdenum 
and phosphorus in this process.5 We have made some 
tensile tests at — 196° C on a Mn steel with 0-3% C, 
1-4% Mn, and 0-04% P, in the temper-embrittled and 
unembrittled condition, and we found no essential 
discrepancies between the tensile properties. Therefore 
it would be of interest to us to know whether the authors 
have also made tensile tests after slow cooling from the 
tempering temperature at low temperatures, especially 
at — 253° C and whether or not the fracture was inter- 
crystalline. 
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DISCUSSION ON ALLOY STEELS 


We know from the investigations of Bennek on the 
temper brittleness that a diffusion annealed either in the 
austenitic range at 1100° C or at a temperature below the 
A, transformation (700° C) can equalize at a certain 
degree segregations of phosphorus and improve the 
impact properties, especially in the temper-embrittled 
condition. Could the authors find a similar effect in 
their steels with higher phosphorus content? 

The authors call special attention to the fact that the 
real influence of phosphorus in steels is not known, and 
further investigations on the influence of phosphorus 
on the ferrite must made. Indeed, some investigations 
have been made, and Fig. B shows some results on an 
ingot iron with 0:03% C. Phosphorus contents up to 
0:1% improve the impact properties of this ingot iron, 
and only phosphorus contents higher than 0-12% 
deteriorate them. We have had similar results on a 
vacuum-melted high purity iron with 0-:005% C and 
0:003% O,. 

To explain the effect of phosphorus on the brittleness 
of iron and steels it will be necessary to consider the 
combined effect of phosphorus and other elements and 
the great ability of phosphorus to segregate. 


Dr. K. W. Andrews (United Steel Companies Ltd.) 
wrote: The following remarks may contribute towards 
an explanation of the observed effects of phosphorus. 
Oelsen has published a diagram showing the experi- 
mentally determined curve for the solubility of phos- 
phorus in a-iron, and together with it a calculated 
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Fig. B—Variation of impact transition temperature of 
ingot iron with 0.03°, C with increasing phosphorus 
content, DUM-keyhole notched specimen (unpub- 
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solubility curve for y-iron.6 The former curve is, of 
course, a recognized feature of the Fe/P equilibrium 
diagram and represents the compositions of a at different 
temperatures in equilibrium with Fe,P. The calculated 
curve represents the phase boundary for equilibrium 
between y and Fe,P and would presumably be the 
actual boundary if the a-phase did not exist. These 
boundaries are shown in Fig. C. It is notable that this 
metastable solubility curve falls from e.g. 0°4% at 
1000° C to about 0-:06% at 650° C, and to 0-013% at 
500° C. It would seem that although under equilibrium 
conditions above the A; point, the y is saturated with 
phosphorus at compositions given by the y-loop itself, 
below the A, point, untransformed austenite can reach 
a condition such that the (metastable) solubility curve 
for equilibrium of y with Fe;P is crossed. (The actual 
position of the solubility limits may be modified by the 
presence of other alloy elements). 

In the case of isothermal transformation for example 
austenite may be held at a subcritical temperature at 
which the metastable solubility for phosphorus is 
considerably lower than the actual phosphorus content 
of the steel. Thus there may be a strong tendency for 
phosphide to precipitate as well as the tendency to 
change to the normal transformation product. It is 
not necessary to insist that phosphide is actually precipi- 
tated as the rate of diffusion is probably slow. (It 
would be interesting to compare the properties of 
samples of the same steel isothermally transformed at 
temperatures where the times to start of transformation 
are markedly different). It is easier to envisage that the 
prior austenite already contains the phosphorus dis- 
tributed in a non-uniform manner, perhaps occupying 
regions near lattice vacancies, defects, or grain boun- 
daries. The high degree of supersaturation at lower 
temperatures would then accentuate this condition 
although the state may still be regarded as one of 
‘ pre-precipitation.’ In the case of quenching, the steel 
passes rapidly through the temperature range from 
relatively high solubility to very low metastable solu- 
bility of phosphorus in y. 

On tempering or holding at a sub-critical temperature 
after transformation, the ferrite will tend to ‘ re-dissolve ’ 
the phosphorus, or at least be able to accommodate 
phosphorus atoms in its lattice with much less strain, 
and this ‘strain-relief’ should proceed more readily 
at higher tempering temperatures. Alternatively, the 
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Fig. D—SAE 8650 steel, tempered at 1050° F for 30 min 
+ 25,000 


higher the phosphorus content, the higher will be the 
tempering temperature required to give the same 
relief. The effects of slowly cooling or quenching from 
the tempering temperature may also be connected with 
this supposed behaviour of phosphorus in ferrite. 

Observations of this kind are necessarily speculative 
in the present state of knowledge. Perhaps further 
knowledge on the subject could be obtained by the use 
of the new technique of auto-radiography. 


Mr. §. T. Ross and Mr. R, P. Sernka (Chrysler Corp- 
oration, Detroit, Michigan, U.S.A.) wrote: Messrs. 
Allen and Earley are to be commended for their ex- 
cellent paper, as their work is a noteworthy contribution 
to the metallurgy of steel. Of the four electron micro- 
graphs used in its illustration, we feel that three 
require further comment. 

Some work at the Chrysler Corporation has also 
been concerned with quenched and tempered steels. 
It has been found’ that quenched steels, when tempered 
below about 500° F (260°C) display electron micro- 
structures similar in one respect to Figs. 6, 7, and 8 of 
the authors’ paper. We refer to the continuous white 
lines which are especially noticeable in Fig. 8. Allowing 
for differences in replica technique, these white lines 
are quite comparable to the percarbide films surrounding 
tempered martensite needles described by us as being 
found after tempering for 60 min or more only below 
about 500° F (260°C). We have shown® that they 
become supplanted by elongated, discontinuous cemen- 
tite particles when tempering is carried out above 
about 500° F (260° C) for 60 min orlonger. Our con- 
clusions were based on examination of 6 medium-carbon 
low-alloy steels (AISI 2340, 4052, 4063, 4140, 4340, 
and 5150). 

Figures 6, 7, and 8 of Allen and Earley’s paper represent 
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steels tempered at high tempering temperatures (1058— 
1148° F) (570-620° C). Upon study of these figures we 
felt that the continuous white lines might be artefacts, 
possibly not mentioned by the authors in their paper 
because of space limitations. 

To verify this, we investigated the electron micro- 
structure of a steel similar to those studied by Allen and 
Earley. Figures D and £ are electron micrographs of 
AISI 8650 steel (0-50C, 0-87 Mn, 0-04 P, 0-04 5, 
0-28 Si, 0-55 Ni, 0-55 Cr, 0:20 Mo). Although the 
authors did not report their austenitizing temperatures 
or tempering times, we assumed that our austenitizing 
temperature of 1550° F (843°C) and tempering time, 
after oil quenching, of 30 min at 1050° F (566° C) and 
1150° F (621° C) would agree with their practice. These 
electron micrographs possess a final magnification of 
25,000, enlarged about 34 times from an initial mag- 
nification of 6900. After metallographic polishing, 
etching was accomplished using a solution of 4% picric 
acid in ethyl aleohol plus 0-01% zephiran chloride. 
The replica material was 0-85% Formvar dissolved in 
dioxane, chromium shadowed at an angle of about 45°. 

Inspection of Figs. D and E indicates that only 
discrete cementite particles are present in a matrix of 
ferrite. Some of the cementite particles are elongated, 
but their complete discontinuity is maintained. Figures 
D and E are in complete agreement with our published 
work, that of Teague and Ross,* and that of the American 
Society for Testing Materials Committee on Electron 
Microscopy.’ 

We conclude that the continuous white lines in Figs. 
6-8 are manifestations of cracks in replica materials. 
We have found such cracking to be caused by too great 
an etch depth or by over-brittle replica material. 





Fig. E—SAE 8650 steel, tempered at 1150° F for 30 min 
+ 25,000 
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AUTHORS’ REPLY 


Dr. Allen and Mr. Earley wrote: We should like to 
thank the contributors to the discussion on our paper. 
Several contributors have mentioned the fact that the 
high impact transition temperatures found in specimens 
tempered at relatively low temperatures may have 
been influenced by the phenomena included in the term 
‘temper brittleness ’, but this does not affect the main 
point of the paper, which is that these low tempering 
temperatures can be safely utilized when phosphorus 
is absent, and that alloying elements may be economized 
by taking advantage of this. 

The importance of the point depends largely upon the 
value that it attached to notched bar impact tests. 
Dr. Woodfine and Mr. Boyd have discussed the inter- 
pretation of such tests. We could agree that the 
transition temperature of the steel is the significant 
property, and that it is provokingly difficult to define, 


but we would not agree that any wholesale removal of 


notched bar impact tests from specifications is desirable; 
we would on the other hand point out that the present 
tendency is to introduce them into the specifications 
for mild steel, in which they have hitherto been thought 
to be unnecessary. 

The experiments of Professor E. Houdremont and 
W. Reich are of great interest and in general their 
results are in agreement with our work. The difference 
between the impact properties of steels tempered after 
transformation in the lower bainite range and after 
transformation in the martensitic range is never very 
large, and though we did not investigate this point in 
the work described in this paper, our impression from 
our other work and our reading is that the difference 
is sometimes in one direction and sometimes in the other, 
and more likely to be favourable to steels transformed 
in the bainite range when the steels are high enough in 
carbon to permit a pure bainite transformation to be 
obtained at a very low temperature. 

The limited number of tests that we carried out at 
— 196° C did not include any on specimens slowly 
cooled from the tempering temperature, so that we were 
not able to observe whether intergranular failure 
occurred in slowly cooled specimens tested at low tem- 
perature. A good correlation between impact transition 
temperature and tensile strength at low temperature is 
to be expected only when the tensile specimen breaks 
at low temperature with an entirely brittle fracture so 
that a measure of the true fracture stress is obtained, 
but our experience is that even when this condition is 
satisfied a correlation between tensile strength at low 
temperature and impact transition temperature is not 
always found, and we are forced to conclude that the 
relative fracture stresses of steels are not necessarily 
the same at — 196° C as in the neighbourhood of room 
temperature. 

With reference to testing of high-phosphorus steels 
after tempering, our steels were quenched from the 
tempering temperature in 3-in. section and test-pieces 
subsequently turned out, so that the tensile tests were 
carried out 7-14 days after the tempering treatments. 

The results of adding phosphorus to an ingot iron 
containing 0-03% of phosphorus illustrate the com- 
plexity of the behaviour of phosphorus in the presence 
of carbon. Unpublished work carried out at the National 
Physical Laboratory shows that, at low-carbon levels, 
phosphorus can be added to iron without causing any 
marked deterioration in impact properties and may 


indeed improve them to a limited extent. Josefsson’ 
indicates also that pearlite-free basic Bessemer steels 
with less than 0:015% of carbon may contain up to 
0-1% of phosphorus and 0-015°% of nitrogen without 
deterioration of impact properties. Our work on these 
subjects shows that the influence of phosphorus is 
highly dependent on heat-treatment, and we would 
not dissent from any of the views expressed by Professor 
Houdremont and Mr. Reich. 

The contribution by Dr. Andrews raises the question 
as to how far are we to attribute observed changes in 
iron-phosphorus alloys to equilibrium or metastable 
equilibrium conditions. 

W. Oelson made certain assumptions and based his 
calculations on the differences of heats of solution of 
phosphorus in a- and y-iron obtained from a single point 
of the a = y/y phase boundary which means that the 
calculated hypothetical equilibrium of Fe,;P with y 
phosphorus iron can only be a rough approximation. 
However, even as a rough approximation in conjunction 
with the views put forward by Dr. Andrews, the meta- 
stable solubility could be lower than the actual phos- 
phorus content of the steel, and phosphorus could be 
precipitated. During the course of our work on heat- 
treated steels we found no microscopic evidence of 
precipitation so that any segregation would be in the 
form of a precipitate as is suggested. 

Certain experiments at the National Physical Labora- 
tory on binary iron—phosphorus alloys are of interest in 
this connection. Alloys of iron and phosphorus heat- 
treated within the a + y phase field and rapidly cooled 
to room temperature show distinct separation into two 
phases under the microscope, whereas specimens which 
have been furnace-cooled appear to consist of a single 
phase. These experiments show that the a and y 
present at high temperatures can in some circumstances 
preserve their individuality during cooling, as is required 
by the mechanism proposed by Dr. Andrews. In these 
circumstances unusual distributions of the dissolved 
phosphorus are to be expected and we agree that 
auto-radiography is a useful technique for studying the 
distribution of phosphorus. 
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[The reply to the comments on their paper by Messrs. Rosen- 
burg and Grimsley will appear in a later issue of the Journal.] 
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Announcements and News of Science and Industry 








THE IRON AND STEEL INSTITUTE 


President-Elect 

At the Autumn General Meeting, the President, 
Dr. H. H. Burton, c.B.£., announced that the Council 
had unanimously decided to nominate Mr. A. H. Ingen 
Housz (Royal Netherlands Blast Furnaces and Steel- 
works Ltd.), an Honorary Vice-President, for election 
as President, to take office for one year at the Annual 
General Meeting in 1957. The last non-British President 
of the Institute was Mr. C. P. E. Schneider, who served 
from 1918 to 1920. 


NEWS OF MEMBERS 
Monsieur E. L. Dupuy 


Monsieur Eugéne L. Dupuy (Honorary Vice-President), 
Past-President and Honorary General Secretary of the 
Société Francaise de Métallurgie, has been appointed 
to the Légion d’Honneur. He was decorated at the 
meeting of the Société in Paris on 23rd October. 





Mr. G. J. Banner has taken up an appointment as 
Technical Representative with the Albion Drop Forging 
Co., Ltd., Coventry. 

Mr. E. C. Brough has been appointed Lecturer in 
Metallurgy at the Dudley and Staffordshire Technical 
College. 

Dr. F. A. Calvo has been appointed Assistant Lecturer 
in Industrial Chemistry at the University of Madrid. 

Dr. §. F. Dorey, c.B.E., F.R.S., is retiring from the 
position of Chief Engineer Surveyor to Lloyd’s Register 
of Shipping after 37 years’ service. 

Dr. C. Edeleanu has resigned from the Brown Firth 
Research Laboratories, Sheffield, and has taken up an 
appointment with the Tube Investments Research 
Laboratories, Hinxton Hall, Cambridge, where he is 
forming a new corrosion group. 

Mr. William H. Eisenman (Honorary Member), Secre- 
tary of the American Society for Metals, has been awarded 
the Society’s Gold Medal for 1956 for his part ‘‘ in advanc- 
ing metallurgy from an art to a science.” 

Mr. §. W. Evans has been appointed Works Manager 
of the East Moors, Cardiff, Works of Guest Keen Iron 
and Steel Co., Ltd. 

Mr. E. A. Fisher has retired from the service of Eastern 
Smelting Co., Ltd., Penang. 

Mr. D. Hull has been awarded a Ph.D., and has been 
with the Metallurgy Division of the U.K. Atomic Energy 
Authority since July. 

Dr. E. G. Ramachandran has recently relinquished his 
appointment of Assistant Professor of Metallurgy at the 
Indian Institute of Science, Bangalore, and has joined 
the National Metallurgical Laboratory of India, Jamshed- 
pur, as Assistant Director. He will head the Division of 
Physical Metallurgy. 

Mr. W. A. Sandilands has resigned his appointment as 
Research Manager to Frederick Smith and Company 
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Wire Manufacturers Ltd. to take up a position with 
The Rollason Wire Co., Ltd., Birmingham. 

Mr. D. R. Swindell has left Colvilles Ltd. to become 
Chief Engineer of the Millom and Askam Hematite Iron 
Co., Ltd. 

Dr. R. G. Ward has been appointed Lecturer in Metal- 
lurgy in the University of Sheffield. 

Dr. J. Wilcock has been appointed to the Joseph Lucas 
Fellowship in the Department of Industrial Metallurgy 
of Birmingham University. 

Mr. N. T. Williams has left the Research and Develop- 
ment Laboratory of Bristol Aero Engines Ltd. to return 
to the Department of Metallurgy, University College of 
Swansea, to carry out post-graduate research. 

Mr. A. B. Woodhead became an Associate in Metallurgy 
at Sheffield University in 1955, and was elected an 
Associate Member of the Institution of Metallurgists 
early in 1956. He is now Senior Metallurgist of Machine 
Products Ltd., Swindon. 

Mr. Peter Wrightson has been appointed to the board 
of the Consett Iron Company Ltd. 


Obituary 


Mr. Christopher Henry Bacon (elected 1949; Life 
Member), of Broughton, Chester, on 26th August, 1956. 

Mr. George William Green, M.B.E., F.1.M. (elected 1917), 
of Leeds, in October, 1956. 

Dr. Henry Lepp (elected 1940), of Paris, on 25th May, 
1956. 

Mr. E. C. Lloyd (elected 1951), of 19 Islwyn Street, 
Cwmfelinfach, Mon. 

Mr. Edmund J. Lowe, 0.8.8. (elected 1936), of Dore, 
Sheffield, on 10th August, 1956, aged 66. 

Mr. David Wingate (elected 1946), of Glasgow, in 
September, 1956. 


CONTRIBUTORS TO THE JOURNAL 


H. Bates, s.sc.—Scientific Officer, British Iron and 
Steel Research Association, North East Coast Labora- 
tory, Normanby, Middlesbrough. 

Mr. Bates was born in 1930 and educated at Stockton 
Grammar School and Manchester University. He 
graduated in 1950 with the degree of B.Sc. with Honours 
in Metallurgy. After two years’ service in the Royal 
Air Force, Mr. Bates joined the Central Engineering 
Department of Dorman Long (Steel) Ltd. as a fuel 
engineer. He took up his present appointment with 
B.1.8.R.A. in December 1954, and is currently engaged in 
research into problems associated with iron-ore sintering. 


R. Rawlings—Lecturer in the Department of Metal- 
lurgy and Fuel Technology, University College of Cardiff. 

Mr. Rawlings graduated at the University College of 
Swansea in 1941. During the war he served in the Royal 
Air Force as a Navigator and was released in 1946 with 
the rank of Flight Lieutenant. He was with the Nelson 
Research Laboratories of the English Electric Co., Ltd., 
Stafford, until 1952, when he took up his present position. 
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“Stahl und Eisen’ 


PRESENTATION TO 
VEREIN DEUTSCHER 
LISENHUTTENLEUTI 
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“Stahl und Eisen 


A special number of ‘* Stahl und Eisen ’” was published on the 12th July, 
1956, to commemorate the seventy-fifth anniversary of the first publication of 
this periodical. ** Stahl und Eisen ’’ has always maintained its distinguished 


position as one of the leading journals in the world, devoted entirely to the 


iron and steel industries and to ferrous metallurgy. The special issue includes 


a review of developments during the last twenty-five years, 


In order to commemorate this anniversary the Council of The Iron and 
Steel Institute has made a presentation to the Verein deutscher Eisenhuttenleute. 
This consists of the bronze medal and certificate of honorary membership of the 
‘““ Verein zur Beforderung des Gewerbfleisses in Preussen ** contained in a 
wooden case with finely ornamented bronze cover which was presented to 


Sir Henry Bessemer, F.R.s., in 1877. The presentation was made at the 


| isenhuttentag, Dusseldorf, on 9th November, 1956. A plaque inscribed as 
follows has been affixed to the case :— 
To the Verein deutscher Eisenhuttenleute by 
The Iron and Steel Institute 
As a token of friendship and esteem 
and to commemorate the Seventy-Fifth 
vear of the publication of 
Stahl und Eisen 
in this the Centenary year of 
the Pneumatic Process of Steelmaking by 
Sir Henry Bessemer, F.R.S. 


19$6 


his case was given to The Iron and Steel Institute by Mr. H. Douglas Bessemer 
and Miss R. E. M. Bessemer to whom it had been left, with remainder to the 
Institute, under the Will of their father, the late Mr. Henry W. Bessemer, 


crandson of the inventor, who died on 26th April, 1956. 
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ANNOUNCEMENTS AND NEWS 


A. M. Whitehouse—Deputy 
Manager of Operational Re- 
search, Steel Company of 
Wales Ltd. 

Mr. Whitehouse was born in 
South Africa and was educated 
at Kingswood School in Som- 
erset. He was articled to a 
Chartered Accountant but left 
auditing for share registration 
work, and afterwards process 
planning, with the United 
Steel Companies Ltd. Whilst 
with this Company he studied 
statistics and mathematics at 
Sheffield University and at 
evening classes and obtained 
the Certificate of the Royal Statistical Society in 1948. 
He worked as an industrial statistician with S. Fox and 
Co., Ltd., and then with the Steel Company of Wales 
Ltd., where he received his present appointment when 
an operational research department was formed in 1953. 

[Mr. Rawlings and Mr. Whitehouse were authors of 
papers in the November Journal.] 





A. M. Whitehouse 


IRON AND STEEL ENGINEERS GROUP 


The 32nd Meeting of the Iron and Steel Engineers 
Group of The Iron and Steel Institute will be held at 
4 Grosvenor Gardens, London, 8.W.1, on 5th December, 
1956. At the Morning Session, from 10.30 a.m. to 12.45 
P.M., the paper ** Blowers for Use in Iron and Steelworks,” 
by F. J. Potter and L. Duffy (C. A. Parsons and Co., 
Ltd.), will be presented and discussed. At the Afternoon 
Session, from 2 P.M. to 4 P.M., the paper to be discussed 
is ‘* Positive-type Rotary Compressors,” by V. Barnett 
(Hick, Hargreaves and Co., Ltd.). Both papers were 
published in the November issue of the Journal. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Twenty-fourth Blast Furnace Conference 

The 24th Blast Furnace Conference was held at Harro- 
gate on 9th and 10th October, 1956. Dr. T. P. Colclough, 
C.B.E., took the Chair and was supported by Mr. E. M. 
Summers as Vice-Chairman. 

The theme of the Conference was a consideration of the 
improvements which had been made in blast-furnace 
practice and productivity both in this country and 
abroad, and the further developments which will be 
necessary in the U.K. to satisfy future pig iron require- 
ments. 

At the first session, the Chairman reviewed recent 
developments in the industry and outlined the task 
ahead to obtain increased production. Four successive 
papers were then given by Mr. G. D. Elliot, Mr. W. 
Banks, Mr. A. T. Ledgard, and Mr. A. J. Burgess, 
describing methods used to increase production at the 
Appleby-Frodingham Steel Co., Colvilles Ltd., Dorman 
Long (Steel) Ltd., and the Steel Company of Wales, 
Ltd., respectively. It was generally considered that the 
time was opportune for discussions on the problem of 
obtaining more iron from available furnaces. 

Blast-furnace practice abroad formed the subject for 
the following session. A series of four papers on blast- 
furnace practice in the U.S.A., France, Sweden and 
Russia were presented by Mr. K. C. Sharp, Mr. R. F. 
Jennings, Mr. G. D. Elliot, and Mr. T. Dennison, respec- 
tively. In the ensuing discussion a wide range of factors 
appertaining to means of increasing iron production were 
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considered, including optimum blast temperatures, blast 


humidity control, high top pressure, and increased 
sintering capacity. 
At the final session, the recent trends and future 


developments in blast-furnace design and construction 
were discussed in papers by Mr. E. M. Summers and Mr. 
H. 8S. Ayres. The discussion was principally concerned 
with furnace linings, with some emphasis on unconven- 
tional methods of forming and maintaining the working 
face. 

During the Conference a B.1I.S.R.A. film showing, by 
the use of models, the theory of a self-renewing blast- 
furnace lining, was presented by Dr. W. A. Archibald. 


Forty-seventh Steelmaking Conference 

A new departure was made at the 47th Steelmaking 
Conference, held at Ashorne Hill on 26th and 27th 
September, in that it was less directly concerned with 
questions of productivity and steel quality than previous 
Steelmaking Conferences. The main subject was ** Fumes 
in the Open-Hearth Furnace.’’ The Chairman was Mr. 
R. W. Evans of the Steel Company of Wales Ltd., and 
Dr. J. H. Chesters of the United Steel Cos., Ltd., was 
Vice-Chairman. In his introductory remarks, the Chair- 
man said that everybody would agree that there was 
no virtue in pouring fumes into the atmosphere. More- 
over, he pointed out, the smoke and fume emitted was 
largely iron oxide; if it could be recovered, the process 
would benefit. The presence of fume in the furnace was 
also closely connected with the erosion of the brickwork, 
and the performance of the furnaces suffered from the 
accumulation of dust in the flues and checkers. 

There were five speakers on this subject. The theoreti- 
cal and practical aspects of the formation of fumes in the 
open-hearth furnace were dealt with by Dr. J. Pearson 
(B.I.S.R.A.) and Mr. C. Holden (United Steel 
Ltd.); the deposition of droplets in the furnace and the 
mechanism of attack on furnace refractories by Mr. R. E. 
Copland (United Steel Cos., Ltd.) and Dr. W. A. Archi- 
bald (B.I.S.R.A.); and the measurement of the dust 
content of furnace waste gases by Mr. R. A. Granville 
(B.1.8S.R.A.). 

It was evident from the vigorous discussion which 
followed that the choice of open-hearth furnace fume as 
the principal subject for this conference was fully 
justified. 

A subsidiary subject 
concerned a proposed programme of 
projected 5-ton experimental open-hearth furnace at the 
B.I.S.R.A. Laboratory, Sheffield. The case for such a 
furnace was given by Mr. R. Mayorcas (B.1.S.R.A.) on 
behalf of the Steel Practice Committee. A lively discus- 
sion followed. The concensus of opinion was strongly 
in support of this idea of having a furnace devoted 
solely to research and free of the necessity to fit in with a 
works production programme. 


Cos., 


the Conference 
research for a 


discussed at 


AFFILIATED LOCAL SOCIETIES 


Newport and District Metallurgical Society 
The following is the list of Officers for the session 
1956-57: 
President 
Hon. Secretary 
Hon. Treasurer 
Committee: C. I. F. Mackay (Chairman); H. R. Davies, 
A.I.M.; B. Jones, D.Sc., ¥.R.1.c.; G. L. Jones, A.1.M.; R.A. 
Owen-Barnett, mM.sc.; C. B. Pennington; H. T. Roberts, 
A.I.M.; H. H. Stanley, a.MET., F.1.M.; J. E. Wells, B.sc., 
F.R.1.C., A.MET. 


G. H. Latham, Lu.pD., J.P. 
T. G. Grey-Davies 
C. J. Morgan, L.1.M. 
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464 ANNOUNCEMENTS AND NEWS 


Swansea and District Metallurgical Society 


The new address of the Joint Hon. Secretary of the 
Swansea and District Metallurgical Society is: Mr. M. J. 
A. Thomas, 10 Park View, Port Talbot, Glamorgan. 


EDUCATION 
University of Nottingham 

Applications are invited for a Senior Research 
Assistantship sponsored by the Central Electricity 
Authority, to work in the field of supersonic testing of 
welds in austenitic steels. Candidates should have a 
good Honours degree in Metallurgy or Physics, with 
practical and/or research training. The salary scale is 
£650 to £850, with superannuation and children’s 
allowance. 

Applications are also invited for a Senior Research 
Assistant to work in the field of creep and fatigue of 
ferrous materials. Candidates should have a good 
Honours degree in Metallurgy or Physics, with practical 
experience and/or research training. The salary scale is 
£650 to £1050, with superannuation and children’s 
allowance. 

Forms of application are available from the Registrar, 
The University, Nottingham. 


University of Sheffield 


The University, through the generosity of a number of 
industrial firms, offers the following Research Fellow- 
ships in Metallurgy: the J. H. Andrew Research Fellow- 
ship, the United Steel Companies Fellowship, and the 
Tube Investments Research Fellowship. 

The Fellowships will be awarded by the Senate of the 
University on the recommendation of the Professor in 
charge of the Department of Metallurgy. 

The object of the Fellowships is to advance metallur- 
gical knowledge and the Fellows will be required to have 
research experience and to show ability to conduct 
independent investigations. 

The subjects for research will be chosen in consultation 
with the Professor of Metallurgy and, in the case of the 
Andrew and United Steel Companies Fellowships, should 
lie broadly in the field of ferrous metallurgy. 

The normal tenure of the Fellowships will be five years, 
but an appointment will be made for two years in the 
first instance (subject to satisfactory performance of 
duties) and thereafter will be renewable annually. The 
Fellowship will be terminable by three months’ notice 
from either side, the notice expiring at the end of a 
quarter. 

The stipend of each Fellowship will normally be £750 
per annum in the first year, rising by annual incremenis 
of £50 to £950 per annum. A higher stipend may be paid 
to a candidate with exceptional qualifications. In 
addition the Fellowships will carry superannuation 
provision under the Federated Superannuation Scheme 
for Universities. Under the Scheme five per cent will 
be deducted from the stipend and an amount equal to 
ten per cent of the stipend added as a contribution by 
the University. The total amount will be applied in 
accordance with the terms of the Scheme. 

The Fellows may be asked to undertake a limited 
amount of teaching within the University Department 
of Metallurgy. 

It is desired that the successful candidates enter into 
tenure of their Fellowship as soon as possible. 

Applications (3 copies) including the names and ad- 
dresses of referees, and, if desired, copies of testimonials, 
should reach the Registrar, The University, Sheffield 10, 
not later than 3lst December 1956. 
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Royal Visit to Workington 

Her Majesty the Queen visited the Workington Iron 
and Steel Company on 17th October, 1956, after formally 
opening the Calder Hall atomic power plant. She 
released a switch at Workington which introduced power 
derived from Calder Hall to drive the Company’s newly 
modernized rail mill. She also unveiled a plaque com- 
memorating the centenary of the Company at the new 
apprentices’ school, known as the Bessemer Memorial 
School. 

Research and Development at British Oxygen 

The British Oxygen Company, Ltd., first set up a 
separate research and development department at 
Morden, Surrey, just after the war. During the past 
ten years, the Department has grown rapidly in size; 
the present staff of over 400 carries out almost all the 
research and most of the development work for the 
British Oxygen Group. On Ist October, 1956, the work 
of this department was taken over by a new company, 
British Oxygen Research and Development Ltd. 
(B.O.R.A.D.) equal in status with the other companies 
in the group. The Chairman of the company is Dr. 
P. H. Sykes, and the Managing Director Dr. N. Booth. 

The Morden laboratories have five principal depart- 
ments: Basic Research, Chemical Products, Gas Applica- 
tions, Gas Separation, and Engineering. Specific prob- 
lems presented by other branches of the group are 
investigated, and a large amount of fundamental research 
work is carried out by the Basic Research Department. 
In addition, some work is done for outside organizations, 
including Government departments. 

With the increasing use of oxygen by the iron and steel 
industry, a special study is being made of the metal- 
lurgical uses of oxygen: these include enrichment of O.H. 
furnace flames, and of are furnace and converter atmo- 
spheres, the pretreatment of pig iron, and oxygen 
lancing. Works trials are carried out in collaboration 
with steel companies. 

New A.L.S.I. Offices 

The American Iron and Steel Institute has recently 
taken over the entire 38th floor of the new Socony-Mobil 
skyscraper at 150 East 42nd Street, New York, U.S.A. 
Gift of Land to A.S.M. 

Mr. William H. Eisenman, Secretary of the American 
Society for Metals, has presented part of his 500-acre 
farm near Cleveland, Ohio, to the Society. The land will 
be the site of a new headquarters and educational centre 
for the American Society for Metals. 

Ore Handling Plant for Belgium 

The Fraser and Chalmers Engineering Works of the 
General Electric Co., Ltd., has received contracts from 
the Forges de la Providence 8.A. of Marchienne-au-Pont, 
Belgium, for the construction of a new plant for ore 
blending, crushing, screening, and sampling. 
Continuous Casting at Barrow 

A pilot continuous casting plant of the Rossi-Junghans 
type, at the Barrow Steel Works Ltd., is producing 
mild-steel billets of commercial quality at higher casting 
speeds than have been attained before, equivalent to 7 
tons of 2-in. square billets per hour. 

Arc Furnaces Replace Open-Hearths 

Brymbo Steel Works Ltd. have ordered three 40-ton 
Birlec Lectromelt arc furnaces to replace their existing 
open-hearth furnaces. The are furnaces will operate on 
charges containing both cold scrap and hot pre-refined 
blast-furnace metal. 
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Heavy Plate Mill for Appleby-Frodingham 


A new four-high plate finishing mill is being built for 
the Appleby-Frodingham Steel Company by Davy and 
United Engineering Co., Ltd. The mill is designed to 
roll plate up to 12 ft. wide, 4} in. thick, and with a 
maximum length of 65 ft. Initial weekly production, on 
three-shift working, is estimated to be about 9000 tons. 


Whitehead Extensions 


New electric furnaces have recently been added to the 
Courtybella plant of Whitehead Iron and Steel Co., Ltd., 
for bright-annealing coiled strip, making this the largest 
installation of its kind in the world. It now comprises 
37 vertical cylindrical furnaces and 248 annealing 
containers. 


Large Hammer Block Casting 


What is believed to be the largest steel casting made 
for a forging hammer block in the U.K. was recently 
installed at the axle forge of Steel, Peech and Tozer, 
Rotherham. This casting, which has a machined weight 
of 143 tons, was made by English Steel Castings Corpora- 
tion Ltd. for B. and S. Massey Ltd., the builders of the 
7-ton forging hammer. 


Sixth Commonwealth Mining and Metallurgical 
Congress 
The Sixth Commonwealth Mining and Metallurgical 
Congress will be held in Vancouver, Canada, from 8th 
to 10th September, 1957, under the presidency of 
Mr. R. W. Diamond. 


Symposium on Microchemistry 


It is proposed to hold a Symposium on Microchemistry 
in Birmingham from 20th to 27th August, 1958, under 
the auspices of the Society for Analytical Chemistry. 


Changes of Address 


THE INSTITUTE OF WELDING has removed to 29 Park 
Crescent, London, W.1 (telephone: LANgham 7488/9). 

The registered office of the BATTELLE INSTITUTE LTD. 
is now 24 Ryder Street, St. James’s, London, S.W.1 
(telephone: TRAfalgar 1621). 

The Sheffield office of ArmMsTRONG WHITWORTH 
(METAL INpustTRIES) Lrp. and its associated company 
Jarrow METAL InpustRIES Lip. is now at Whiteleys 
Chambers, Surrey Street, Sheffield 1 (telephone: Sheffield 
24629). 

The registered office and postal address of Brown 
BayLeEy STEELS LTD. is now ‘ Riverdale,’ Riverdale 
Road, Sheffield 10. 

The London office of the SHEFFIELD ForGE AND 
Rotiinc Mitts Co., Lrp., is now at 12-14 Old Pye 
Street, London, S.W.1 (telephone: ABBey 3623). 

The offices of P. FUNDER AND Son have been removed 
to 68 Nerre Voldgade, Copenhagen K, Denmark. The 
cable address, the Telex number, and the telephone 
number (Central 7) remain unchanged. 


CORRIGENDA 


In the paper ‘“‘ Study of 7% and 8% Chromium Creep- 
Resisting Steels ” by M. G. Gemmill and others (J. Iron 
Steel Inst., 1956, October, vol. 184, pp. 122-144), the 
following errors have been pointed out: 

(i) In the caption to Fig. 17 (p. 135), the reference should be 
to Table V. 
(ii) On Fig. 25 (p. 141), the key should be: 
@ 18/12/1 Cr—-Ni-Nb steel 
© 8 Cr—Mo-Ti steel 
X 2} Cr-1 Mo steel 
(iii) In the sub-caption to Fig. 8a (p. 129), the words “ Steel 
25 (1:07% Ti)” refer to the centre micrograph and the 
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words “Steel 36 (1-55% Ti)” to the right-hand micro- 
graph. 


DIARY 


Ist Dec.—LerEeps Meratiuraicar Socrery—* Gas-shielded Welding 
of Non-ferrous Metals,’’ by P. T. Houlderoft—Large Chemistry 
Lecture Theatre, The University, Leeds, 7.15 p.m. 

8rd Dec.—CLEVELAND INSTITUTION OF ENGINEERS—‘“ Continuous 
Casting” (film), by J. R. Rippon—Cleveland Scientific and 
Technical Institution, 6.30 p.m. 

8rd Dec.—Instirute oF British FounprRyMEN (Sheffield and 
District Branch)—‘** Some Aspects of Research and their Applica- 
tion to the Foundry Industry,” by Dr. A. H. Sully—Sheffield 
College of Commerce and Technology, Pond Street, Sheffield 1, 
7 P.M. 

4th Dec.—Suerrietp MeETaLLurGicaL AssocraTtion—“ The Instru- 
mental Chemist—Some Advances in Spectrophotometry and 
Absorptiometry,”’ by D. Curry—B.1.8.R.A. Laboratories, Hoyle 
Street, Sheffield 3, 7 p.m. 

5th Dec.—Newrort METALLURGICAL Sociery—'‘‘ Non-destructive 
Testing,” by Dr. E. G. Stanford—Whitehead Iron and Steel 
Institute, Newport, 7 P.M. 

5th Dec.—MancuesteR METALLURGICAL Society (joint meeting 
with The Iron and Steel Institute)—‘‘ Boron in Steel,” by F. B. 
Pickering—Central Library, Manchester, 6.30 P.M. 

5th Dec.—TuHeE Inon AND STEEL INstItTUTE—32nd Meeting of the 
Iron and Stee] Engineers Group—4 Grosvenor Gardens, 
London, 8.W.1, 10.30 a.m. 

6th Dec.—Soctery or CHEmicat Inpusrry (Corrosion Group) 

** Stress Corrosion,” by K. R. Wilson, and ‘‘ Corrosion Fatigue,” 
by T. D. Weaver—University Chemical Department, Woodland 
Road, Bristol, 6.30 p.m. 

6th Dec.—Easr Mipitanps METALLURGICAL Sociery 3ells and 
Bell Founding,” by P. L. Taylor—Nottingham and District 
Technical College, 7.30 P.m. 

6th Dec.—Essw VALE METALLURGICAL Sociery—‘ Tin: Its Pro- 
duction and Application,”’ by Dr. W. E. Hoare—Lecture Room, 
Richard Thomas and Baldwins Ltd., Ebbw Vale, 7.15 p.m. 

7th Dec.—SuHeEFFIELD METALLURGICAL AssocIaTION—Dinner- 
Dance—Royal Victoria Hotel, Sheffield. 

10th Dec.— SHEFFIELD Society oF ENGINEERS AND METALLURGISTS 
—Annual General Meeting—The University, St. George’s 
Square, Sheffield 1, 7.30 p.m. 

11th Dec.—Norru-East Metatturcicat Socitery—‘ Dislocations 
and the Strength of Metals,’ by Dr. A. H. Cottrell—Cleveland 
Scientific and Technical Institution, 7.15 P.M. 

1lth Dec.—SuHeEFFIELD METALLURGICAL AssociaTION—‘' The Cli- 
mate of the Open-Hearth Furnace,” by Dr. J. H. Chesters— 
B.I.S.R.A. Laboratories, Hoyle Street, Sheffield, 7 P.M. 

12th Dec.—InstiruTION oF ENGINEERING INSPECTION-—‘ Engineer- 
ing Inspection by X-rays and Gamma-rays,”’ by Dr. L. Mullins— 
Royal Society of Arts, John Adam Street, London, W.C.2, 
6.45 P.M. 

12th Dec.—Sociery or CHEemicaL INpustRy (Corrosion Group)— 
“Corrosion in the Tropics,’ by H. R. Ambler—l4 Belgrave 
Square, London, 8.W.1, 6.30 P.m. 

12th Dec.—Soctetry or INSTRUMENT TECHNOLOGY—“ Instrumenta- 
tion in Steel Rolling Mills,” by R. B. Sims and P. Briggs 
Technical College, Huddersfield, 7 p.m. 

18th Dec.— Liverroo.t MetariurcicaL Soctery—‘ Shell Moulding,” 
by D. F. Bailey—The Temple, Dale Street, Liverpool, 7 P.M. 

13th Dec.—-SrarrorpDsHIRE IRON AND STEEL INstiruTE—** Internal 
Transport for Works Processes,” by EF. R. 8S. Watkin—Sitar and 
Garter Royal Hotel, Wolverhampton, 7.30 p.m. 

15th Dec.— Swansea METALLURGICAL Soctery—‘‘ Modern Develop- 
ments in Tinplate Manufacture,” by J. 8S. Gazard—Central 
Library, Swansea, 6.30 P.M. 

18th Dec.— SHEFFIELD METALLURGICAL AssocIATION—Film Night 
B.1.8.R.A. Laboratories, Hoyle Street, Sheffield 3, 7 p.m. 

21st Dec.—West or Scotnanp IRON AND SveEL InstITUTE 
Symposium on Ingot Moulds—39 Elmbank Crescent, Glasgow. 


TRANSLATION SERVICE 


(The previous announcement was made in the Novem- 

ber issue of the Journal, p. 350) 

TRANSLATIONS IN COURSE OF PREPARATION 

(Swedish). G. WaALiquist and K. Geprn: ‘‘ The Magni- 
tude of the Mill Spring in Hot Rolling” 
(Jernkontorets Ann., 1956, vol. 140, no. 3, pp. 
155-187). 

(German). A. Rose and W. StrassBura: ‘* Kinetics of 
the Formation of Austenite in Unalloyed and 
Low-alloy Hypo-eutectoid Steels (Arch. Hisen- 
hiittenwesen, 1956, vol. 27, Aug., pp. 513-520). 
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MINERAL RESOURCES 


Magnetite Deposits at Tuxedni Bay, Alaska. (U.S. Geol. 
Survey Bull., 1024—D, 95-106). 

Geology and Ore Deposits of the Atacocha District, Depart- 
amento de Pasco, Peru. R. F. Johnson, R. W. Lewis, Jun. 
and G. Abele C. (U.S. Geol. Survey Bull., 975-E, 337-383). 
Pyrites and limonite are found, but the district is predominant- 
ly a lead-zinc and silver area. 


ORES—MINING AND TREATMENT 


The Mining of Iron Ores for the Steel Mills of the Eastern 
German Republic. E. Kautszch. (Neue Hiitte, 1956, 1, July, 
377-379). The most important mineral deposits in Eastern 
Germany are enumerated and classified; the geological 
peculiarities of each deposit are described to illustrate the 
problems that arise in prospecting for new deposits, in plan- 
ning exploitation, in ore mining, and in processing.—t. J. L. 

Intensification of the Concentration of Magnetite Quartzites. 
V. I. Karmazin. (Stal’, 1955, (11), 969-976). [In Russian]. 
The technology and economics of the concentration of mag- 
netite quartzite is considered, with special reference to 
deposits in the Krivoi Rog region. Various flow diagrams are 
compared and the advantages of closed systems and correct 
positioning of magnetic separators with respect to classifiers 
are indicated and typical results given. The influence of 
concentration on pig-iron costs is discussed, empirical equa- 
tions for the relation of contents in the concentrate of phos- 
phorus and silicon on the one hand and iron on the other being 
given. An equation for calculating the capital costs per ton of 
annual output of concentration processes is presented. 
Optimal iron contents of the blast furnace burden are dis- 
cussed.—s.K. 

Method for Intensifying the Sintering Process. F. L:. 
Arshinov and M. I. Knyazev. (Stal’, 1955, (11), 1034-1037). 
[In Russian]. The laboratory and full-scale testing of a 
method for accelerating and improving the sintering of 
iron ores is described. The method consists in allowing sinter- 
ing to proceed normally for 1-2 minutes after ignition after 
which the hot crust is broken up and mixed in with the re- 
mainder of the charge. The charge, which is at a temperature 
of 80-90° C is then re-ignited and the sintering is allowed to go 
to completion. The laboratory-scale tests showed increases of 
up to 130% in the yield of lumps over 20 mm in size per unit 
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grate area per unit time, and other advantages. The full- 
scale trials produced smaller gains, and this effect is attributed 
to incorrect design of the equipment.—s. kK. 

New Methods of Testing the Mechanical Properties of Sinter. 
N. Z. Plotkin, G. G. Oreshkin, and A. K. Rudkov. (Stal’, 1955, 
(10), 887-891). [In Russian]. Normal drum tests for evaluat- 
ing the mechanical properties of sinter are critically discussed 
and found to give unreliable results. The reasons for this are 
considered and a new testing procedure is described for which 
the following advantages are claimed: results are more objec- 
tive; the test and sieving operations are fully mechanized; 
the test duration is decreased (10 min) and conditions are 
improved. The test is based on a shaker and requires 20-40 kg 
of sinter (lump sizes > 100mm). A selection of results is 
presented, including some confirming the beneficial effect of 
FeO on mechanical properties.—s. K. 

Sintering Characteristics of a Cleveland Ironstone. P. K. 
Gledhill and C. Lang. (J. Iron Steel Inst., 1956, Dec., 184, 
434-437). [This issue]. 

Conditions for Increasing the Speed of Sintering of Bessemer 
and O.H. Manganiferous Sinters. T. A. Kramnik and N. I. 
Nechesova. (Stal’, 1955, (10), 880-886). [In Russian]. Sinter- 
ing practice at the Dzerzhinskii works having five strand 
sintering machines with a suction area of 50m? is described 
and the effect of various factors on sintering speed discussed. 
Two types of mixes are processed, one of them giving a sinter 
containing 3-5-4-0% Mn. In addition to the analysis of plant 
data, sintering speed determinations were carried out in a 
laboratory box. Factors considered are circulating load, 
flue-dust, manganese content and the use of anthracite dust. 
It was also observed that lime additions accelerated the 
process for both types of mix.—s. K. 

The Effect of Leakage on a Sinter-plant Fan. H. Bates. 
(J. Iron Steel Inst., 1956, Dec., 184, 428-433). [This issue]. 


FUEL—PREPARATION, 
PROPERTIES, AND USES 
Simplified Combustion Calculations for Austrian Coals. 
W. Schwackhéfer, (Maschinenbau Warmewirt., 1956, 11, Mar., 
73-79). Equations are derived and nomograms constructed 
for the calculation of the net calorific value of Austrian coals, 
from a knowledge of the ash and moisture contents.—u. D. H. 
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The Mechanism of the Combustion of Carbon: A Theoretical 
Study. R. H. Essenhigh. (Fuel Soc. J., 1955, 6, 15-24). An 
alternative is proposed to the theory that reaction in the 
combustions of carbon is governed by diffusion through a 
surface film. It is suggested that, at temperatures below the 
critical, the rate of reaction is controlled by the rate of 
decomposition of the film; at temperatures above the critical 
the film decomposes so rapidly after formation that there is 
only a part of the carbon surface covered by the film, and the 
rate of reactions is controlled by the rate of bombardment 
of the carbon surface by oxygen.—D. L. ©. P. 

A New Combustion Technique. A. Godel. (Mém. Soc. Ing. 
Civils France, 1955, 108, Nov.-Dec., 476-492). The ‘Ignifluid’ 
technique is described in detail. This technique is used for the 
combustion of solid fuel in steam boilers. The solid fuel 
enters the furnace on a travelling grate through which air 
passes and fluidises the fuel inside the furnace. The size of 
fuel is not important and can vary between 0 and 10 mm. All 
types of coal can be used. Operating results obtained on 
different fuels are given. Little wear of the travelling grate 
has been found.—Bs. @. B. 

Flame Radiation Research. M. W. Thring. (Fuel Soc. J., 
1955, 6, 25-32). The paper summarizes results so far obtained 
from experiments designed to investigate the factors affecting 
luminous radiation, and gives a practical interpretation of the 
results.—D. L. C. P. 

Burners for High Speed Combustion. J. E. Lafon. (Mét. 
Constr. Mécan. 1955, 87, Dec., 973-977). A short review of 
special burners for use with high velocity combustion of 
fuel and their application is presented. They have found 
particular use for the edge heating of strip and skelp.—z. G. B. 

The Application of Some New Technical Ideas in Spain. 
D. Petit. (Inst. Hierro Acero, 1955, 8, Nov., 613-617. Special 
Number). [In Spanish]. Modern developments in (a) Cowper 
stove practice and (b) coking practice for high volatile-matter 
coals with particular reference to semi-cokes and de-aeration 
are described. These techniques, it is believed, could be 
advantageously applied in Spain.—p. s. 

Mechanized Strength Testing of Blast Furnace Coke and 
Test Results for a Mixed Steelworks. W. Wolf. (Stahl u. Lisen, 
1956, 76, Feb. 9, 145-152). The author describes the evolution 
of the test method, the mechanization of screening out, the 
screening machine itself, and the method of operation. He 
compares the results with those of hand screening. An 
account of the coke testing is given. Rattler and briquette 
tests are compared, and a quality diagram developed in their 
light. The results are discussed.—a. c. 

Assessing the Quality of Blast-Furnace Coke. O. Havel and 
V. Charvat. (Paliva, 1956, 36, (3), 82-87; (4), 110-118). 
{In Czech]. A survey is made of recent developments in 
physical and chemical methods, and mechanical methods of 
assessing coke quality are critically reviewed and likely 
future developments sketched, with particular reference to 
recent Soviet work.—P. F. 

Evaluation of the Bulk Density of Coke. ©. G. Thibaut, 
B. Menuet-Guilbaud, M. Pasquet, and P. Vigneron. (Centre 
Doc. Sidér., Circ. Inform. Techn., 1956, 18, No. 2, 339-340). 
From results of tests on 5 different cokes, the relation between 
bulk density and a sample hectolitre cube has been deter- 
mined. Bulk density is shown to be accurately determined 
from mean particle size and density of a sample hectolitre. 

The Gasification of Solid and Liquid Fuels. W. Lowenstein- 
Lom. (Fuel Soc. J., 1955, 6, 5-11). A review of the methods of 
gasifying solid and liquid fuels is made, together with some 
modern trends. The suitability of the different products is 
discussed, particularly with regard to calorific value. 

The Design and Performance of Modern Gas-cleaning 
Equipment. C. J. Stairmand. (J. Inst. Fuel, 1956, 29, Feb., 
58-76). This paper reviews the main methods of large-scale 
dust collection, namely cyclones, electrostatic precipitators, 
fibre and fabric filters and wet washers. In each case a 
brief discussion of the probable mechanism of operations is 
given, with a practical ‘grade-efficiency’ curve obtained from 
accurate tests on installed plant from which performances 
can be predicted. Finally a method of economic assessment 
is described.—p. L. Cc. P. 


AIR POLLUTION AND SMOKE 


Chimneys and the Dispersal of Smoke. J. E. Hawkins and 
G. Nonhebel. (Hng. Boiler House Rev., 1955, 70, Dec., 
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406-411). This paper is designed to give guidance to engineers 
concerned with the erection of factory chimneys. Factors 
influencing a suitable height of chimney are considered, and 
methods suggested for calculating ground level concentrations 
of gas and dust.—D. L. ¢. P. 

People—The Other Side of the Air Pollution Problem. E. M. 
Adams. (Amer. Found. Soc. Preprint, 1956, No. 142). The 
public relations aspect of air pollution is briefly discussed. 

Scope of The Furnace Fume Control Problem. H. L. 
Richardson. (Iron Steel Eng., 1956, 38, Jan., 105-111). The 
author discusses briefly the general aspects of the problems of 
gas cleaning in the steel industry which at present are of 
considerable interest to engineers who must deal with air 
pollution control.—m. D. J. B. 

Dust Collecting System In Sintering Plant Reduces Cost. 
C. A. Gallear. (Blast Furn. Steel Plant, 1955, 48, Dec.. 
1381-1382). A six cyclone type dust catcher which has been 
successfully used on a Dwight Lloyd sintering plant before the 
main fan, is described. The total exhaust gases are 85,000 cfm. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Some Remarks on the Measurement of Furnace Tempera- 
tures by Thermocouples. A. M. Kruithof. (Philips Gloeilampen- 
fabrieken, Eindhoven. Separaat 2209; reprint from Proc. 
3rd Internat. Congress on Glass, Venice 1954, 529-539, pp. 11). 
The suction pyrometer is described and discussed, and its 
use is the glass furnace illustrated. 

Adoption by Industry of Tungsten-Molybdenum Thermo- 
couples for Measuring Liquid Steel Temperatures. S. K. 
Danishevskii. (Stal’, 1955, (11), 984-989). [In Russian]. 
Previous experience has shown the need for improved high- 
temperature calibration methods for tungsten—molybdenum 
immersion thermocouples, and this article describes such a 
method and the industrial use of these couples for steel- 
temperature determination with an accuracy of + 15° C. 
Special attention is paid to couples for use in O.H. furnaces, 
best designs for arc and induction furnaces are also given: the 
couple assembly is mounted on a trolley and temperatures 
are recorded on a fixed recorder. The calibrating installation 
has a graphite heater and enables calibrations to be carried 
out in one hour. Calibration curves for batches and single 
couples are given.—s. K. 

Control of the Temperature of Steel during Pouring. V. G. 
Gruzin. (Stal’, 1955, (11), 989-993). [In Russian]. The 
drawbacks of optical pyrometry for measuring liquid steel 
temperatures are considered and a tungsten-molybdenum 
immersion thermocouple assembly for use in making steel 
castings is described. The couple is fixed in the ladle wall, 
about 150—200 mm from the bottom and close to the stopper. 
During ladle heating and drying the refractory sheath is 
protected by a steel-tube cover. Improved results obtained 
through the use of the thermocouple are outlined and the 
possibility of making the ladle open automatically upon the 
attainment of the optimal metal temperature is indicated. 


REFRACTORY MATERIALS 


Refractories. O. P. Nicholson. (Metal Ind. 1956, 88, Mar. 2, 
165-167; Mar. 9, 189, 192; Mar. 16, 209-212; Mar. 23, 
230-232; Mar. 30, 245-248). A general review, in five parts, 
of theoretical principles. After a review of raw materials and 
the groups of refractories and notes on analysis and testing, 
micro-structures and the results of X-ray examinations are 
described followed by consideration of phase-changes, 
thermal expansion, specific heat and heat conductivity. 
Finally phase-rule studies and equilibrium diagrams are 
presented. 

Dolomite, Principal Uses, and Deposits in France. V. 
Charrin. (Génie Civil, 1956, 188, April 1, 134-136; April 
15, 150-153). A review of the composition, separation of 
chalk and magnesite, and uses is followed by a tolerably 
complete account of the location and characteristics of the 
French deposits. 

Tars for Tar—-Dolomite Mixtures. J. Massinon. (Stahl u. 
Eisen, 1956, 76, Mar. 22, 331-333). After discussing the 
object of the investigation, the author describes the prepara- 
tion of the tars for testing. He mentions the effect of the 
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insoluble matter and reviews the influence of phenol and 
naphthalene content.—a. c. 

Abrasion of Fireclay Refractories. A. R. Lesar and T. D. 
McGee. (Refractories Institute, Tech. Bull., 1956, No. 95, 
April, pp. 6). Wet grinding and sand blasting tests are 
described. 

The Slagging of Refractories. 1. The Controlling Mechanism 
of Refractory Corrosion. L. Reed and L. R. Barrett. (Trans. 
Brit. Ceram. Soc., 1955, 54, Nov., 671-676). Single crystals of 
corundum were rotated in silicate melts and the resulting 
chemical attack was determined quantitatively. Corrosion 
was found to increase with the speed of rotation, indicating 
that the corrosion process was diffusion controlled.—». L. c. P. 

The Total Emissivity of some Refractory Material above 
900° C. J. R. Pattison. (Trans. Brit. Ceram. Soc., 1955, 54, 
Nov., 698-705). A summary is made of the methods suitable 
for the determination of the total emissivity of refractory 
specimens. A description is given of improvements to one of 
these methods which was employed in total emissivity 
measurements on mullite, alumina, sillimanite cement and 
various furnace lining _— over the 900°-1500° C range; 
results are given.—D. L. 

New and Old Phases a ‘Silica. R. B. Sosman. (Trans. 
Brit. Ceram. Soc., 1955, 54, Nov., 655-670). Information 
(some new), on recently recognised phases of silica, is pre- 
sented.—D. L. C. P. 

Some Aspects of the Thermal Treatment of Refractory 
Materials in the Solar Furnace. F. Trombe and M. Foex. 
(Métaux—Corrosion—Indust., 1956, 31, Mar., 126-139). The 
design and operation of a solar furnace is described. The use 
of the techniques for the manufacture of refractory crucibles 
is explained. Silica, alumina, zirconia and thoria have been 
purified by melting in a solar furnace.—z. G. B. 

Problems of Casting-pit Refractories. L. Halm. (Trans. 
Brit. Ceram. Soc., 1955, 54, Sept., 507-537). Information 
on the use of refractories for ladles, sleeves, nozzles, stoppers, 
and bottom casting refractories is presented. A quality index 
for ladle bricks, which gives a relationship with service life, is 
given.—D. L. C. P. 

Testing and Assessing of Quality of Metallurgical Refrac- 
tories. V. Zavesky. (Hutnické Listy, 1956, 11, (4), 257-265). 
[In Czech]. European, Soviet and American Standard 
Specifications relating to structural refractories are critically 
surveyed and compared. Possible developments in testing 
methods are discussed.—P. F. 

New Equipment for Measuring the Creep of Refractories at 
High Temperatures. A. Jourdain. (Silicates Indust., 1956, 
21, March, 116-122). The design and mode of operation of 
a creep-testing machine contained in a carbon-resistance 
high-vacuum furnace are described. Automatic recording 
of the strain, and thermostatic control of the temperature are 
used.—P, F. 

Monolithic and Shaped Refractories for the Electric Furnace 
Roof. H. G. Hart and F. H. Fanning. (Amer. Inst. Min. 
Met. Eng., 1955, Preprint). The authors show how mono- 
lithic and shaped refractories can be of benefit in melting 
shops where silica brick roofs are inadequate due to inter- 
mittent operation or varying types of heat. The particular 
advantages of each type are given.—. F. 

Is it Necessary to Modify the Procedure for the Test of 
Failure under Load at High Temperature for Silica Bricks? J 
Baron. (Centre Doc. Sidér., Circ. Inform. Tech., 1956, 18, 
(1), 191-194). The size of test specimens and conditions for the 
tests in England, Germany, and France are given and the 
differences are discussed. The results of each test on similar 
refractories are compared,—t. E. D. 


IRON AND STEEL, GENERAL 


British Iron and Steel in 1955. (Engineer, 1956, 201, Jan. 
20, 92-94). The activities of the British iron and steel industry 
in 1955 are reviewed. Details are given of production and 
supplies, raw materials, iron and steel prices, developments 
and plant extensions.—m. D. J. B. 

Developments in the Iron and Steel Industry during 1956. 
I. E. Madsen. (Iron Steel Eng., 1956, 38, Jan., 119-166). The 
principal developments which came into being during 1956 in 
the iron and steel industries of the world are reviewed. These 
include developments in coking plants, iron making, steel- 
making, rolling mills, and in engineering equipment both 
mechanical and electrical.—m. D. J. B. 


Recent Advances in Iron and Steel and the Widening of the 
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Market for Steel, 1954. United Nations. (H/ECH/204; 
E/ECE/|Steel/89, Geneva 1955, pp. xiii + 66). Some recent 
developments are discussed with a review of the various 
districts in turn. 

Progress in the Italian Iron and Steel Industry. (Génie Civil, 
1955, 182, Nov. 1, 414-415). A general account is given with 
statistics of production from 1935, and more detailed accounts 
of output 1951-54 and for the first 7 months of 1954 and 1955. 

Norwegian Iron and Steel Works: Mo i Rana. (Tek. 
Ukeblad, 1956, 108, Apr. 16, 317-356). [In Norwegian). A 
complete survey of this steelworks deals with raw material 
sources; siting; civil engineering works; layout of crude iron, 
sintering and melting shops; steel-making furnaces and 
converters; rolling-mill equipment and electrical auxiliaries; 
and power supply and distribution facilities.—a. G. K. 

I Went to Poland. H.G. Cordero. (Metal Bull, 1956, July 
6, 13-14; July 10, 11-13; July 13, 13-16; July 17, 11-13; 
July 20, 13-15; July 24, 11-13; July 27, 13-15; July 31, 
9-12; Aug. 3, 13-16). An account of a visit to Poznan Fair 
and to the Lenin Steel Works near Krakow, and other works. 

Expansion in Australian Steelmaking. W. P. Goodwin. 
(Brit. Steelmaker, 1956, 22, Feb., 40-43). The author reviews 
the growth of the Australian iron and steel industry and 
surveys recent and proposed expansion. Particular attention 
is given to the new continuous hot strip mill at Port Kembla, 
N.S.W.—a. F. 

A Third Metallurgical Base for Russia. (Times Rev. Indust., 
1956, 10, July, 82). An account of a new steel-producing area 
which is to be developed during the next two or three 5 year 
plans in Siberia is presented. The annual output is to be 
15-20 million tons pig iron.—B. G. B. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG 
IRON 


Blast Furnaces. J. F. de Wildt. (Handel en Industrie, 
1956, 11, May 15, 213). [In Dutch]. This is a series of articles 
appearing in several issues of this supplement to Metalen 
describing the Dutch Blast Furnaces, Steel Works, Rolling 
Mills, and other relative subsidiary plants at Ijmuiden from 
their inception up to their present day full working operation. 
Numerous illustrations appear in the text.—F. R. H. 

Development in the Construction and Use of Blast Furnaces 
in the United States and in France. P. Thierry. (Mét. Constr. 
Mécan., 1955, 87, Mar., 167-171; Apr., 269, 271, 273; May, 
353-354, 357, 359; June, 471-472, 475, 477). Conditions in 
the two countries are compared, first geographically, then 
with reference to the transport and handling of raw materials. 
Plant layout and the evolution of furnace dimensions are 
then reviewed, and finally details of construction. (Sept., 
671-681; Oct., 761-771; 1956, 88, Mar., 241-247). The 
Stahler and Skip charging methods are described, the former 
being in common use in France. Modern equipment for 
charging control and bell operation is discussed. The progress 
in France on increasing stove efficiency has been greater than 
in America. The design of modern electrostatic precipitators, 
turbo blowers and thickeners is reported. Operating practices 
in France and America are compared and it shows that the 
higher coke rate in France is due to the higher slag volume. 
Burden preparation is briefly considered.—z. G. B. 

Service of Carbon Blocks in the Pad and Hearth of Blast 
Furnaces. I. G. Polovchenko. (Stal’, 1955, (10), 891-894). 
{In Russian]. The behaviour of various sections of the hearth 
structure of 1386-m* blast furnaces as revealed by the ap- 
pearance in the pig iron of radioactive material from capsules 
built into the carbon and brick is discussed. The information 
is supplemented by the results of temperature measurements 
at various points in the foundations. Graphite and steel 
capsules were used for the carbon and brick sections, res- 
pectively, and a remote indicator of the radioactivity was 
used in one furnace. In a furnace making foundry iron fairly 
rapid loss of the carbon pad was observed, but comparison 
with a similar furnace with a brick pad showed that loss in 
the latter was faster.—s. k. 

New Design of a Long-Service Hot-Blast Gate Valve. 
A. G. Gubarev. (Stal’, 1955, (11), 1037-1038). [In Russian]. 
A new design of water-cooled hot-blast valve for the blast 
furnace is described which has been in continuous service 
since 1950, except for one short period for inspection and 
cleaning. The construction of the valve is so simple that it can 
be made in any iron and steel works.—s. kK. 
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Safety Precautions in Blowing In a Blast Furnace. J. M. 
Stapleton. (Reg. Tech. Meet. Amer. Iron Steel Inst., 1955, 
317-322). The author lists the basic preparations and pre- 
cautions to be observed in drying out and blowing in a blast 
furnace. Particular attention is paid. to the gas seepage 
hazard.—c. F. 

Effect of the Reducibility of Self-Fluxing Sinter on Blast- 
Furnace Operation. A. M. Bannykh and A. G. Neyasov. 
(Stal’, 1955, (11), 963-968). [In Russian]. The effects on blast 
furnace operation at the Magnitogorsk Metallurgical Combine 
of increased use of more reducible and basic self-fluxing sinter 
and the influence of sintering practice on the properties of 
the sinter, are described. Although other improvements in 
practice were made, the new sinter is shown to have improved 
all indexes of furnace efficiency directly and also by enabling 
limestone in the burden to be reduced and blast temperatures 
to be increased. Results show that with the self-fluxing sinter 
less direct reduction took place. Further increases in the 
basicity, strength and reducibility of self-fluxing sinter 
through improved sintering practice are said to constitute an 
important reserve of furnace productivity.—s. kK. 

Optimal Conditions for Reduction of Metal Oxides by Carbon. 
E. Iwanciw. (Bull. Acad. Polonaise Sci., 1955, 3, No. 2, 
99-104). A theoretical solution is derived. 

Mechanism of Reduction of Iron Oxides with Hydrogen, 
Carbon Monoxide, and Mixtures of the Two. V. A. Roiter, 
V. A. Yuza, and A. N. Kuznetsov. (Zhur. Fiz. Khim., 1951, 
25, (8), 960-970). Stepwise reduction and the non-additivity 
of the effects of CO and H, are demonstrated. 

Mechanization of the Retention and Removal of Slag in a 
Big Mixer. V. I. Morozov. (Stal’, 1955, (11), 1043-1045). 
[In Russian]. Machines for removing slag from the metal 
surface in large hot-metal mixers are described. These have 
been in continuous satisfactory operation at the Magnitogorsk 
works. The slag-removing machine consists essentially of a 
rail-borne carriage fitted with a rabble passing into the mixer 
through the pouring hole, the rabble is given its required 
movement with respect to the slag by movement of the 
carriage and of the rabble on the carriage. The machine is 
automatic and can deal with 100—200 kg of slag per min. The 
slag in the mixer is prevented from entering the metal for the 
O.H. furnaces by an automatically operated graphite gate 
valve.—s. K. 

Progress in Electric Iron-Making. H. Walde. (Inst. Hierro 
Acero., 1955, 8, Oct.-Dec., 719-728). [In Spanish]. The elec- 
tric iron-making process is discussed with particular reference 
to the influence of the silicon content of the pig iron, and the 
quantity of slag produced, upon the energy consumption, the 
behaviour of different coals, and the advantages of electrical 
gasification and coking. Techniques of furnace construction 
and operation are described and details of the Lubatti process 
are given.—P. S. 

Iron and Mild Steels. H. L. Shaw. (Indust. Eng. Chem., 
1955, 47, Sept., Part 2, 1982-1985). A summary of publications 
during 1954 with 52 references. Welding and corrosion 
studies are included. 

Nodular or Ductile Iron. J. L. Everhart. (Mat. Methods, 
1955, 42, Oct., 119-134). The nodular or ductile irons are a 
group of materials with properties lying between those of 
grey irons and cast carbon steels. Their properties can be 
improved by heat treatment. This article discusses in detail 
the mechanical and physical properties, heat treatment, and 
applications of the commercial grades of nodular iron. Much 
of this information is in tabular form.—P. M. c. 

Preparation of Pure Iron. K. Smirous. (Arbeitstagung 
Festkérperphysik II, 1955, Leipzig, 199-200). Iron was heated 
in a quartz tube in a stream of chlorine and the ferric chloride 
sublimed. The chloride was dissolved and reduced with iron 
from pure oxide to ferrous chloride and the filtered solution 
electrolysed in a diaphragm cell with a graphite anode and 
mercury cathode. The mercury was distilled off in a current of 
hydrogen. Alternatively oxide was reduced in hydrogen, the 
oxide being prepared by heating the nitrate, so eliminating 
carbon. The iron was melted in sintered corundum or BeO. 
Further purification was effected in the solid state in hydrogen 
with a trace of steam at 1450°, the best example containing 
only 0-001% Si, with traces of Cu and Ni. 


TREATMENT AND USE OF SLAGS 


Stationary Installation for Recovering Metal From Slag. V. 
V. Kvyatkovskii. (Stal’, 1955, (10), 948-949). [In Russian]. A 
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fully mechanized installation at the Dzerzhinskii works is 
described which extracts metal skulls, scrap, etc. from slag at a 
cost of about half the normal. The installation is worked by 
four men.—S. K. 

Rate of FeO Reduction from a Ca0-SiO,—Al,0, Slag By 
Carbon-Saturated Iron. W. O. Philbrook and L. D. Kirkbride. 
(Trans. Amer. Inst. Min. Met. Eng., 1956, 206; J. Met., 
1956, 8, Mar., 351-356). The authors have measured the 
rate of reduction of FeO from lime-silica—alumina blast- 
furnace-type slags melted over carbon-saturated iron in 
graphite crucibles and found it to be proportional to about 
the second power of the analysed iron content of the slag. 
Several possible reaction mechanisms are discussed.—«, F. 

Effect of Carbon on Interfacial Tension of Iron with Slag. 
S. I. Popel, O. A. Esin and Yu. P. Nikitin. (Doklady Akad. 
Nauk S.S.S.R., 1952, 88, 253-255). Measurements by the 
sessile drop method are described and correlated with surface 
tension. 

Method of Determining the Viscosity of Blast-Furnace 
Slags and Minerals. D. A. Cherkov. (Zavodskaya Laboratoriya, 
1955, 21, (12), 1461-1463). [In Russian]. An adaption to 
viscosity determinations of blast-furnace slags of a method 
recently developed for glass is described. The results are 
obtained in terms of the viscosity of a standard material. The 
powdered slag (1-8-1-9 g) is moistened and pressed at a 
pressure of 50 kg/cm? into a cylinder 10 mm in diameter and 
height. The cylinder, together with an exactly similar one of 
the standard are placed verticaliy on strictly horizontal 
platinum or low-porosity refractory plates in a furnace. After 
soaking at the required temperature for 30-60 min the furnace 
is switched off. The increases in areas of contact of the two 
materials with the plates are determined and the viscosities 
are calculated therefrom by a simple equation.—s. K. 

Investigations of the Physico-Chemical Properties of Molten 
Slags. L. A. Shvartsman and A. A. Samarin. (Jzvest. Akad. 
Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (4), 73-97). [In 
Russian]. A review of electrochemical, surface tension, 
viscosity, density, cryoscopie and other investigations sup- 
porting ionic theory of molten slags is given. 41 references. 

On Solid Solutions of Calcium Aluminoferrates. N. A. 
Toropov and A. I. Boikova. (Izvest. Akad. Nauk. SSSR. 
Otdelenie Khim. Nauk, 1955, Nov.-Dec., 972-980). 


PRODUCTION OF STEEL 


Evolution of Energy-linked Coal and Steel Industry. W. 
Ochel. (Werk und Wir, 1956, 4, Feb. 47-51). An illustrated 
lecture. 

Metallurgical Uses of Atmospheric Gases. A. M. Clark. 
(Metal Treatment and Drop Forg., 1955, 22, Feb., 51-53). A 
brief summary is given of the uses of oxygen in steelmaking 
practice, welding and cutting, and deseaming. Applications of 
nitrogen in heat treatment, and argon and helium in welding 
and other “protective” roles are described.—P. M. c. 

100th Anniversary of the Bessemer Process. S. G. Afanas’ev 
(Stal’, 1955, (10), 949-951). [In Russian]. The development 
of the Bessemer process in Russia and the U.S.S.R. is outlined 
and the prospects for various converter practices are discussed. 
The advantages of using high-purity oxygen are touched on. 

Determination of the End of the Blow of a Bessemer Con- 
verter. K. S. Garger and V. D. Umnov. (Stal’, 1955, (10), 
905-909). [In Russian]. The determination of the end of the 
blow with relatively high carbon contents based on observa- 
tions of radiation from the flame is described. The difference 
or ratio of currents from two photoelectric cells (selenium and 
silver sulphide) is automatically recorded, giving a W-shaped 
diagram from which the process can be followed. The method 
has been tested and has resulted in better metal quality, higher 
productivity and improved working conditions; it can serve 
as the basis of automatic control by recording the correspond- 
ing pairs of spectrum lines. Details of the apparatus are 
given.—s. K. 

Operating Experiences with Basic Furnace Roofs. C. 
Kreutzer. (Met. Ital., 1955, 47, Dec., 541-550). [In Italian]. 
This paper examines the technical and economic aspects of 
open hearth furnace operation in Germany. Production and 
consumption are related to hearth size, heat consumption 
and roof life. Furnace yields are discussed. The advantages 
of the all-basic roof are described and technical data on 
furnace design are given. The various factors which affect 
chrome-magnesite bricks are reviewed. (15 references). 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








470 ABSTRACTS 


Increasing the Durability of Open-Hearth Furnaces with 
Dinas Roofs. F. N. Grigor’ev. (Stal’, 1955, (11), 1038-1041). 
{In Russian]. Roof, wall, and port construction for Dinas- 
roofed O.H. furnaces is discussed and the effects of various 
arrangements on furnace operating-life are discussed.—-s. K. 

An Investigation of Kinetics of Dephosphorization of Liquid 
Iron with Slag. 0. A. Esin and V. N. Shikhov. (Izvest. Akad. 
Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (3), 79-89). [In 
Russian]. Kinetics of dephosphorization of pure iron with 
various slags at high temperatures (1550—1700° C) and low 
concentrations of phosphorus in metal and slag (0-05—0-005%) 
using radioactive phosphorus were investigated. It was found 
that the distribution of phosphorus is directly proportional 
to the boundary area between phases, to the square of phos- 
phorus concentration and is independent of the thickness 
of the slag layer. On the basis of data obtained it is concluded 
that the velocity of the reaction is not limited by the convec- 
tive diffusion but by one of the stages of the chemical reaction 
itself. As the limiting stage the desorption of anions (PO,*-) 
from the slag metal surface is proposed.—v. G. 

Introduction of a Complex System of Automatic Regulation 
of Thermal Conditions in an Oil-Fired Open Hearth Furnace. 
V. P. Borodin, V. F. Demenkov, P. E. Darmanyan and A. A. 
Yudson. (Stal’, 1955, (11), 977-983). [In Russian]. In the 
automatic regulating system installed at a 130-ton O.H. 
furnace the operation of the valves, gas pressure in the furnace, 
the oil/air ratio and the fuel feed are controlled through a 
central system based on the furnace roof temperature and the 
temperature at the top of the regenerators, Data are presented 
showing that since introduction of the automatic control 
system productivity has increased 2-5-3% while fuel consump- 
tion and duration of a heat have decreased by 3-3-5% and 
40-50 min, respectively. The system is readily adaptable to 
changes in practice, is relatively simple, and does not impede 
the running of the furnace.—-s. kK. 

Operating Experience with a Coreless Induction Furnace. 
I. K. Nezdoimin and A. Ya. Glikson. (Stal’, 1955, (5), 
469-471). [In Russian]. Operating experience with a coreless 
induction furnace having two 3-6 ton acid-lined crucibles 
used for producing various types of carbon and alloy (mainly 
high-manganese) steel. The drying and pre-treatment of the 
crucible and the melting, finishing and pouring of the metal 
are also dealt with.—s. K. 

Improving the Technology of the Electric Melting of Steel. 
8S. G. Voinov. (Stal’, 1955, (4), 329-333). [In Russian]. 
Recommendations made recently by V. G. Speranskii for 
improving the production of steel in electric arc furnaces are 
critically discussed. The bases of the discussion are experi- 
mental data from several works in the U.S.S.R. and these 
confirm the recommendations except for manganese factors 
and prevention of cavities. The practice as now used in the 
works includes preliminary additions of iron ore and crushed 
limestone, the maintenance of over 0-20% Mn in the bath 
during the oxidizing period and the heating of the bath to 
30-50° C above the tapping temperature with cooling during 
the reducing stage. The advantages obtained at the Chelya- 
binsk works through the use of this practice are listed.—s. kK. 

Change in the Nitrogen Content of the Steel Bath of an Arc 
Furnace under Slags of Different Compositions. I’. P. Edneral. 
(Stal’, 1955, (11), 994-1000). [In Russian]. From an experi- 
mental study of the effect of slag type on the nitrogen-content 
of the steel in are furnaces the following main conclusions are 
drawn: the nitrogen content rises if lime is used for the slag 
but falls if limestone is used, the carbon dioxide evolution with 
the latter helping to remove nitrogen. Decarburization of the 
metal during the oxidizing period is accompanied by falling 
nitrogen content; the carburization of the bare bath at the 
start of this period slows or stops de-nitrogenation, pick-up 
of the gas from air being faster than its removal. During the 
removal and replacement of the slag the nitrogen content 
falls in high-carbon (ball-bearing) steels but rises in low-carbon 


(structural) steels. During the reducing period the type of 


slag influences the behaviour of nitrogen: (1) The nitrogen 
contents of both types of steel fall under a magnesia-silica 
slag and do not rise when the slag is deoxidized with wood 
charcoal, but nitrogen removal is decreased by a higher silicon 
content of the metal. (2) The nitrogen-content of ShKh15 
ball-bearing steel melted with oxidation falls under a carbide 
slag, nitrogen removal occurring during deoxidation with 
calcium carbide and carbon; nitrogen content rises during 
deoxidation with silicon; (3) During the melting of structural 
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steel with oxidation, the nitrogen content falls under a white 
slag in 65% of the cases, and its behaviour is generally com- 
plex. In an acid-lined furnace the nitrogen-content continu- 
ously falls. Blowing with argon and carbon :onoxide during 
the reducing period lowers the nitrogen content of the metal. 

Studies on Ball-bearing Steel (II) Effect of Some Metallurgical 
Factors on the Life of Ball Bearings. M. Ueno, T. Mitsuhashi, 
and Y. Nakano. (J. Mech. Lab. Japan, 1955, 9, Sept., 213-220). 
The effects of chemical composition, non-metallic inclusions, 
compressive load of inner race, cementite content, grain size 
and degree of forging, on the life of the inner race were 
examined. The only factor which appeared to have any 
clear correlation with the life, was the cementite content ; the 
max. life coinciding with a content of about 7-8 per cent. 

On the Inverted-V Segregated Zone of Large Carbon Steel 
Ingot. Il. M. Kawai. (7'etsu to Hagane, 1956, 42, Jan., 14-18; 
19-22). [In Japanese]. Segregation is explained in terms of 
impurity-rich drops of molten steel floating upwards, inter- 
rupting growth of dendritic crystals; some of these, when 
obstructed, form segregated facets which may become 
transformed into segregation lines and grow further. The 
effects of solidification speed, casting condition, hydrogen 
content, and alloying elements are considered.—kx. ¥. J. 

Process of Solidification of Polyhedral or Spherical Ingots. 
P. Vallet. (Compt. Rend. 1956, 242, May 14, 2448-2451). 
Calculations are presented, with experimental confirmation 
from published work, of the amount remaining liquid after 
given time intervals in terms of the dimensions. 

Process of Solidification of Ingots of Rectangular Parallelo- 
piped or other Forms. P. Vallet. (Compt. Rend., 1956, 242, 
May 23, 2514-2517). See preceding abstract. Square and 
circular sections are also considered. 

The Distribution of Non-Metallic Inclusions and Its Relation 
to the Formation of the Sedimentation Cone in Ingots. Z. 
Motloch and T. Myslivec. (Hutnické Listy, 1956, 11, (4), 
253-257). [In Czech]. The nature and mode of formation of the 
lower sedimentation cone in plain-C and in Ni-Cr-Mo steels 
were studied. A high concentration of siliceous inclusions 
was found in steel ingots deoxidized stepwise with ferroman- 
ganese and ferrosilicon. This resulted in a deterioration of the 
impact strength. The theory that crystal sedimentation occurs 
in ingots was confirmed by sectioning ingots which had been 
deoxidized also with silicocalcium and small amounts of 
aluminium. Complex siliceous inclusions formed in the latter 
process are conducive to nucleation, so that crystals are 
formed at comparatively small degrees of supercooling. 
Crystals formed in this manner may then be transported by 
the convection currents to the bottom of the ingot, there 
forming the sedimentation cone.—P. F. 


FOUNDRY PRACTICE 


Progress in Foundry Practice in the First Half of 1956. 
P. A. Heller. (Stahl u. Eisen, 1956, '76, Jan. 26, 93-96; Feb. 9, 
168-170). Work on the structure and properties of cast iron is 
reviewed including the effect of proving temperature on 
hardness, graphite formation in relation to silicon content, 
annealing time, sulphur-manganese ratio, and hydrogen 
content of the annealing atmosphere, coercivity in relation 
to hardness, malleability, and the effect of sulphur on the 
surface tensions of molten iron. In the second part, burning 
in small cupola furnaces, the effect of ferrous oxide in acid 
slag or the oxidation to manganese and silicon, slag tapping, 
the Doat metallurgical blast cupola, basic lined cupolas, 
oxygen enrichment of blast, coke testing, furnace air humidity, 
preheating, moulding sand, properties of bentonite, precision 
casting, dielectric drying, standardization of properties, and 
composition of grey cast iron, temperature measurement in 
melts, and centrifugal casting are all reviewed.— a. c. 

A Modern Foundry Serves the Nation. (B.H.P. Rev. 1956, 
38, Feb. 12-15). An illustrated account of Stewarts and Lloyds’ 
Adelaide foundry. 

Higher Quality Castings Sought by the Russian Foundry 
Industry. C. L. Adams. (Foundry, 1956, 84, Jan., 138, 141, 


142). Extracts are given from recent Russian criticisms of 


their foundry industry.—B. c. w. 

Development of Hot-Blast Cupola Melting Technique in 
Europe. E. Loebbecke. (Amer. Found. Soc. Preprint, 1956, 
No. 33). The history of the hot blast cupola in Europe is 
briefly reviewed and the fundamentals of its operation are 
surveyed. A hot blast cupola melting unit is then described in 
detail and the development of water-cooled cupolas is dis- 
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cussed. Operating experiences with hot-blast cupolas are 
reviewed with particular reference to those worked with a 
cooled melting zone and without a lining. Finally the develop- 
ment of continuously operated pre-melting cupolas for steel- 
work is considered. (57 refs.).—B. C. w. 

Tuyere for Blowing Oxygen into the Cupola Forehearth. 
V. A. Fuklev and M. A. Khabarov. (Litei%noe Proizvodstvo, 
1952, 3, 24-25). Forehearth design for oxygen injection is 
considered. After trial of fixed forehearth and tuyere units, 
which could not be kept in repair, a retractable tuyere box 
was developed which could be repaired without interrupting 
the operation of the cupola, and without the use of chrome- 
magnesite or high-grade firebricks. An appendix describes 
the effects of oxygen injection, oxygen requirement and the 
economics of the process. 

Investigation of an Explosion in a Cupola. A. Sachse. 
(Giessereitechn., 1956, 2, Jan., 17). An explosion that occurred 
in a cupola with a shaft diameter of 800 mm is attributed to a 
harrowing of the shaft by molten iron which prevented sliding 
down of the charge so that an explosive gas-air mixture 
accumulated in a cavity formed below the third charge. 

The Use of Chill and Wedge Tests when Melting Grey Cast 
Iron. A. Bordes. (Metaalinstituut TNO Publn. 1956, No. 38, 
Jan., 8 pp.). [In Dutch]. Partly based on one from the Chill 
Test Committee of the American Foundrymen’s Society, this 
report gives a survey of useful chill and wedge tests for the 
rapid control of smelting conditions, material properties, 
factors influencing the results when casting grey iron, followed 
by practical examples. Numerous diagrams appear showing 
the methods of sampling. (5 references).—F. R. H. 

The Mains Frequency Coreless Induction Melting Furnace. 
F. 8. Leigh. (Metallurgia 1956, 58, Mar., 99-102). Considera- 
tions affecting the design of this type of equipment are 
reviewed. It is unlikely that mains frequency furnaces will 
replace the high frequency furnace entirely but it will compete 
successfully with the latter on operating and capital costs. 

Induction Melting. K. Scherzer. (Metal Ind., 1956, 88, 
Feb. 24, 145-146, 153). The use of the coreless, mains- 
frequency furnace is described, mostly for iron-ferrous metals. 

The Choice of Suitable Methods of Small Scale Steelmaking 
in Foundries. J. Korber. (Slévdrenstvi, 1956, 4, (4), 116-120). 
[In Czech]. The merits and demerits of various types of small 
steelmaking furnaces are discussed and their respective scopes 
outlined.—P. F. 

Iron Castings. V. E. Rehder. (Canad. Min. Met. Bull., 
1956, 49, Mar., 175-179). Structure, properties, and applica- 
tions of grey cast iron, white irons, alloy cast irons, malleable 
iron, nodular iron and nodular ‘‘Ni-Resist”’ are outlined. 

Heat-Resisting Silicon Cast Iron with Spheroidal Graphite. 
A. M. Plesinger and J. Klaban. (Reports of Czechosl. Foundry 
Research, Appendix to Slévdrenstvi, 1956, 4, (4)). [In Czech]. 
Laboratory tests designed to find the optimum composition of 
the high silicon spheroidal cast iron showed 2-4-3-0% C and 
6-7% Si to be best; the graphite is in granular form in a 
ferritic matrix, and can be regarded as stable up to 900°C. 
It can replace the much more expensive high-chromium cast 
irons in the range 800-900° C. Production technology and 
mechanical tests and properties are discussed. —P. F. 

The Intermediate Refining of Cast Iron. A. Guhl. (Gies- 
sereitechn., 1956, 2, Feb., 33-37). A time-temperature trans- 
formation diagram is described; reference is made to British 
and U.S. methods of producing acicular cast iron by way of 
alloys; and a method using unalloyed cast iron by means of 
heat treatment, is then described. A piece of pearlitic structure 
is heated to 880-920° C, and then cooled to the desired 
intermediate temperature.—L. J. L. 

Malleable Base Spheroidal Iron. F. B. Rote, E. F. Chojnow- 
ski, and J. T. Bryce. (Amer. Found. Soc. Preprint, 1956, 
No. 81). It is shown that with the addition of 8 and a solid 
state graphitizer to malleable base duplexed iron the graphite 
in the annealed iron undergoes a transition from the conven- 
tional temper carbon shape to a truly spheroidal shape. Data 
on the variation of mechanical properties with heat-treatment 
are given for iron treated to produce a duplex graphitic 
structure (i.e. the centre of the graphite particle is spherulitic 
and the outer layers are randomly distributed). The results 
are compared with those obtained with normal pearlitic malle- 
able iron. The advantages claimed for the malleable base 
spheroidal graphite iron include (1) heavy sections can be 
produced and annealed to give a uniform spheroidal graphite 
structure, (2) the iron possesses a high resistance to second 
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stage annealing which allows uniform spheroidal carbide 
structures to be obtained, (3) excellent machinability at high 
property levels and (4) high uniform elastic modulus.—s. c. w. 

Melting Malleable Iron With Pulverized Coal and Oil as 
Fuel. E. H. Nielsen. (Amer. Found. Soc. Preprint, 1956, 
No. 101). The conversion of a batch me Iting reverberatory 
furnace from oil firing to oil and pulverized coal firing is 
described and operating experiences over a year are presented. 
The results show savings in lower oxidation, higher fluidity, 
more uniform metal and lower cost of charging material. 

Effects of Charge Proportions, Furnace Atmosphere Flow 
Rate, and Melt-down Time on Properties of Malleable Iron. 
A. H. Zrimsek, E. H. Belter, and R. W. Heine. (Amer. Found. 
Soc. Preprint, 1956, No. 85). Detailed results are presented to 
show the effect of steel ia the charge, flow rate of melting 
atmosphere, melt-down time and melting rate, on the chemistry 
of melting, casting properties, annealability and _ tensile 
properties of malleable iron.—s. c. w. 

Heavy-duty Cast-steel — for Freight Cars. (Rail. Gaz 
1955, 103, Dee. 16, 706). A description is given of the U. S. 

“Southern”? Wheel. 

Moulding Sands. Moulding Methods, and Casting Dimen- 
sions. R. W. Heine. (Amer. Found. Soc. Preprint, 1956, No. 
151). The conditions necessary for producing green sand 
moulds of uniform sand density, high hardness, high strength, 
and thermal stability are reviewed. Among the aspects 
considered are the factors affecting sand density in the mould 
and the compacting of sand by jolting and squeezing. 

Steel Foundry Dust Control and Ventilation. (Report of a 
Conference of the B.S.C.R.A. held at York, Oct., 1955. The 
Association, Feb., 1956, pp. 98). Opening Addresses. C. H. 
Kain, (Sir) G. Barnett, and J. H. Wigglesworth. 1-4. Dust 
Control in Stand Grinding Machines, Dust Control on Swing 
Frame Grinding Machines. ©. M. Stoch, 5-9, 10-20. An 
account of hood designs and exhaust systems developed by 
the Association. Dust Extraction on the Pneumatic Chisel. 
J. R. B. Lloyd, 21-23. A description of the ‘‘ mason’s 
glove’ system. A Low Volume High Velocity Exhaust 
System. W. B. Lawrie, 24-30. Applications to chisels, 
grinders, and magnesium fluxing crucibles are described. 
Discussion on Dust Control in Steel Foundry Fettling Shops, 
31-41. The Sampling and Assessment of Airborne Dust. 
G. M. Michie, 42-47. An analysis of the factors involved, 
particularly with regard to the silicosis hazard. Discussions, 
47-53. The Efficiency of Dust Collectors. ©. J. Stairmand, 
54-60. Details of apparatus are shown with measurements of 
dusts and estimates of costs. Discussion, 60-66. Foundry 
Ventilation and Heating. F. RK. L. White, 67-74. Dis- 
cussion, 74-77. Dust Control at Foundry Knock-outs. 
W. D. Bamford, 78-88. Discussion, 88-95. Closing 
Addresses, 96-98. 

Foundry Ventilation and Dust Control. (Brit. C. 1. Res. 
Ass., 1955. Proceedings of Harrogate Conference, pp. 255). 

Health and Safety in the Foundry Industry. Sir G. Barnett. 
Dust Problems in Dressing and Fettling Shops. W. H. White. 
Abrasive cleaning methods are reviewed. A wet spray 
method of dust suppression is described, and experiments 
with portable grinders are included. The Collection of Cupola 
Dust. F. M. Shaw. Methods and equipment, and efficiencies 
are outlined. Foundry Lighting Practice. J. F. Roper. 
Reduction of Dust in the Production of Loose Pattern Moulds 
by the Application of Core-assembly Methods. lk. H. Beech. 
A discussion. The Formation and Dispersal of Dust and 
Fumes in Foundries, W. D. Bamford. An account of the 
characteristics and behaviour of dust with research into 
thermal currents and general air movements. Dust control 
at Foundry Knock-outs. W. D. Bamford. A comprehensive 
account of the design of ventilating systems. Requirements 
for Efficient Dust Suppression at Foundry Knock-outs. A. W. 
Evans and O. H. Jacobson. With supplement on exhaust 
systems. General Ventilation of Small Foundries. J. B. Dick 
and B. G. Collins. The Carbon Monoxide Hazard. H. T. 
Angus. Experiments in Booth Ventilation for Swing-frame 
Grinders. W. D. Bamford. The air currents between wheel 
and operator have been plotted and cooling designs adjusted 
accordingly. An Integral Exhaust System for Swing-frame 
Grinding Machines. ©. M. Stoch. The system can be adapted 
to existing machines. The Testing of Air-cleaning Equip- 
ment used in French Foundries. P. J. Nicolas and M. L. Martin. 
Good Housekeeping in the Foundry. Eh. R. Dunning. Methods 
of cleaning, influence of layout and costs are discussed. 
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High-pressure Wet Cleaning and De-coring for the Smaller 
Foundry. W. Russell. An account of the Hydro-blast Unit. 
All papers are illustrated and the discussions are reported. 

Comparison of Industrial Operating Costs for Water-cooled 
Cupolas and Normal Acid-lined Cupolas. F. Danis and P. 
Détrez. (Fonderie, 1955, Aug., 4651-4658). The operating 
costs, determined over two years, for a water-cooled cupola, 
an old acid-lined cupola and a modern acid-lined cupola are 
presented and discussed in detail. In terms of cost per ton 
of iron the modern acid-lined cupola was the most economical 
and the water-cooled cupola the least economical.—n. c. w. 

Considerations on the Cold Blast Cupola. F. Danis. (Fon- 
derie, 1955, Dec., 4821-4836). The fundamental principles 
governing the operation of a cold blast cupola are discussed 
in detail.—s. c. w. 

A Contribution to the Study of the Effects of Gases on the 
Structure of Cast Iron. G. Blane and N. Volianik. (Fon- 
derie, 1955, Nov., 4755-4770). The previous work on the 
effect of gases on the structure of cast irons is reviewed with 
particular reference to the influence of oxygen. Details are 
then given of experiments carried out with cast irons melted 
in a crucible furnace to investigate the effects of maintaining 
the bath exposed to the atmosphere for various times, and of 
adding mill-scale, ferro-silicon or ferro-silicon-magnesium to 
the ladle. The properties determined for each cast were 
chill depth, tensile strength, gas content and microstructure. 


Inoculation of Irons. O. Bader and D. Godot. (Mét. 
Constr. Mécan. 1955, 87, Oct., 773-779). The use of inocu- 
lants to modify the structure and properties of cast iron is 
discussed.—B. G. B. 

Investigations on Growth of Austenitic Cast Iron. W. 
Heinrichs and A. Dahlmann. (Techn. Mitt. Krupp, 1955, 18, 
Dec., 147-166). Resistance to growth was investigated by 
means of continuous annealing and by heating above and 
below the change point. It was demonstrated that the 
causes of growth in austenitic cast iron differed from those 
attributed to normal grey iron. No breakdown of carbide 
occurred, but austenite and graphite were transformed to 
carbides at 750°C ; the composition of these carbides did not 
correspond to the formula (Fe, Mn),C, but the carbon content 
was apparently much lower. At 450° and 550° C the cause of 
growth was the transformation to pearlite ; at 600°C the 
influence of oxidation was also a contributory factor, and 
above the eutectoid temperature is decisive. An additional 
cause of growth is the separation of carbide constituents 
from the austenite and, particularly at 750° C, the trans- 
formation of austenite and graphite to carbide. 

Up to 550°C, the limiting longitudinal growth was 0-70%, 
and 0-40% was frequently found to be the final value attained 
after heating at 550° for 650 hours. Changes in magnetic 
properties were found and are discussed.—t. D. H. 

High Strength Cast Irons for Diesel Engines. C. R. Van 
der Ben. (Fonderie, 1955, Sept., 4671-4680). The use of 
acicular cast irons containing nickel and molybdenum for a 
wide range of diesel engine castings is discussed. Among the 
aspects considered are composition, microstructure, mechani- 
cal properties and heat-treatment.—n. Cc. w. 

Properties, Manufacture and Application of Nodular Graphite 
Cast Iron. W. Heinrichs. (Techn. Mitt Krupp, 1955, 18, 
Oct., 133-144). This is a description of the method of 
manufacture of nodular cast iron, its properties and treat- 
ment, and examples of its application.—1. D. H. 


Influence of Carburizing Methods on Malleable Cast Irons 
made from Steel Scrap. M. Okamoto, C. Simonura and 
T. Tottori. (Nippon Kinzoku Gakkai-Si, 1954, 18, Feb., 
118-122). [In Japanese]. In white irons prepared by car- 
burizing steel scrap, the carburizing efficiency was greatest 
with electrode carbon. Those carburized with coke and 
CaC, had high ductility. Those prepared with graphite 
required least time for the first graphitization. In those 
prepared from coke, coke—CaC,, or coke-—lime, considerable 
amounts of martensite and austenite were formed during 
heating ; absorption of nitrogen caused abnormal structures. 


Many Factors Affect Linear Shrinkage on Medium, Large 
Steel Castings. H. Chappie. (Western Metals, 1954, 12, 
Feb., 62-4). The complex problem of shrinkage is dis- 
cussed with reference to the design of patterns for steel cast- 
ings of 1 ton and more in weight. Several examples are used 
to illustrate how shrinkage allowances must be assessed on 
the basis of size and shape of the casting and the process 
conditions, which may vary from foundry to foundry. 
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Apparatus for Measuring the Linear Contraction of Metals. 
V. P. Chernobrovkin. (Zavodskaya Laboratoriya, 1955, 21, 
(5), 622-624). [In Russian]. In the apparatus described 
the linear contraction of metals after casting is automatically 
recorded. Two specimens can be dealt with simultaneously. 


The Effect of Small Amounts of Extraneous Elements on the 
Structure and Susceptibility to Cracking of Iron Castings. 
P. Detrez and J. Cuvillier. (Fonderie, 1955, Nov., 4771- 
4785). The incidence at a French foundry of cracking in 
thin iron castings before or after enamelling is discussed, and 
it is concluded that there was a correlation between cracking, 
the chromium content of the iron and the presence of the 
ternary phosphorus eutectic. Experiments to investigate 
the effect of boron, manganese and chromium on the occur- 
rence of the phosphorus eutectic and of cracking are then 
reported and discussed.—Bs. C. W. 

Moulding and Casting Winding Drums for Cables. V. 
Gomez Oliva. (Inst. Hierro Acero, 1955, 8, Oct.-Dec., 
738-745). [In Spanish]. Details are given of a form of 
strickle-board moulding and casting for winding drums with 
cast-in screw-threaded surfaces. Sizes up to 1-75 m length 
and 1-85 m dia. are made by this technique which is described 
and illustrated.—p. s. 

Use of Experimental Stress Analysis as a Casting Design 
Tool. J. W. Beckham. (Z'rans. Amer. Found. Soc., 1955, 
63, 732-735). 

Origin of Non-Metallic Inclusions in Steel Produced during 
Pit Practice Process, S. Maekawa and Y. Nakagawa. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Feb., 57-72). [In 
English]. Oxide inclusions in steel arise within and outside 
the steel ; of the latter, most sand marks and micro-inclusions 
are produced in the casting pit. They can be eliminated or 
reduced by lowering the temperature and expediting reaction 
between adding the deoxidiser and tapping ; reducing casting 
temperatures ; avoiding contact of steel with refractories or 
air ; and control of temperature in the ladle and solidification 
in the mould. (72 references).—k. E. J. 

New Design of Instrument for Finding the Density of 
Foundry Moulds. A. M. Petrichenko, A. A. Zayats and 
V. N. Malyshev. (Zavodskaya Laboratoriya, 1955, 21, (7), 
869-870). [In Russian]. A device is described in which the 
penetration of a spherical indenter into a vertical surface of 
the mould filling is measured and used as an index of the 
tightness of packing of the latter.—-s. K. 

Mould Life. B. A. Bogoraz. (Stal’, 1955, (4), 362-363). 
[In Russian]. The influence of the composition of iron used 
in the production of casting moulds on their life is discussed, 
with special reference to silicon and phosphorus.—s. kK. 

Inorganic Binders Solve Shell Moulding Problems. J. 
Navarro, and H. F. Taylor. (Amer. Found. Soc. Preprint, 
1956, No. 175). Various methods of improving the surface 
finish of low carbon steel castings made in shell moulds have 
been studied and the results are reported in detail. Among the 
factors studied were the design of gates and risers, pouring 
rate, use of chemical additives, effect of different moulding 
sands, and the use of sodium silicate as a binder in place of 
resin. Carbonate additions to sand—resin mixtures improved 
the surface finish of plate castings up to 4in. thick but 
heavier sections required the substitution of forsterite, or 
zircon for silica in the mixture. The effects of other inorganic 
additives was complex. Sodium silicate was found to be an 
inexpensive and acceptable inorganic binder which also gave 
a satisfactory surface finish.—s. Cc. w. 

Thermal Studies in Shell Moulding. W. J. Childs and J. B. 
Hyman. (Foundry, 1956, 84, Mar., 121-127). Detailed 
results are reported of an investigation into the temperature 
changes in shell moulds during the investment and curing of 
the moulds and during the pouring of plate castings in an 
aluminium alloy, a bronze, and a steel. The loss in flexure 
strength of resin-bonded specimens after heating to various 
temperatures for various times was also determined and the 
results are discussed in relation to the choice of the correct 
thickness and strength of shells for castings.—B. c. w. 

The Effect of Mould Material on the Rate of Solidification 
of Castings. L. Petrzela. (Slévdrenstvi, 1956, 4, (4), 121-126). 
[In Czech]. Details are given of researches on a number of 
heat-insulating materials used for the control of cooling-rates 
of cast-iron, inoculated cast iron, and steel castings. Direct 
measurements of temperature in castings was used. Insulating 
sleeves made from flue-dust were found most efficient.—p. F. 


Influence of Sand Distribution and Surface Coatings on 
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Metal Penetration. (Amer. Found. Soc. Preprint, 1956, No. 
186). A description of the experimental technique used and 
the results obtained in an investigation into the effects of 
surface coating and sand distribution on the penetration of 
grey iron into dry sand cores. It was confirmed that increasing 
the ferrostatic increased the metal penetration. Silica flour 
was better under all conditions as a surface coating than either 
Mexican or crystalline graphite although all three washes 
gave protection against metal penetration. Sand distribution 
influenced penetration, the best protection being given by 
distribution that was flat and skew to coarser grain sizes. 

Pinholes in Steel Castings. H. Poetter. (Giessereitechn., 
1956, 2, Mar., 51-54). Pinholes are defined as an accumula- 
tion of microscopically small shrink holes that lessen the 
strength of the casting and favour the formation of inter- 
crystalline fissures. The only sure method of preventing 
pinholes is to design castings in such a way that there is a 
gradual increase in the cross sectional area from the bottom 
to the top.—t. J. L. 

Mechanization in a Foundry Stockyard. (Mech. World, 1956, 
186, Feb. 64-65). The mechanical handling plant used for 
cupola charging at the Farington foundry of Leyland Motors, 
Ltd., is described.—p. H. 


REHEATING FURNACES AND 
SOAKING PITS 


The Revolving Cylindrical Bloomery Furnaces of the 
VEB Maxhiitte. F. Linder and H. Weidermann. (Neue Hiitte, 
1956, 1, Mar. 280-292). The bloomery plant built in 1953 
consists of two rotary furnaces. The blooms are used in the 
blast furnaces instead of scrap metal. Ore bunkers, crushing 
mills, and lay-out of the installation are described. Furnace 
operation and instrumentation are discussed.—t. J. L. 

Heat Transfer in Industrial Heating Furnaces. M. H. Maw- 
hinney. (Indust. Heating, 1955, 22, Oct., 2011-2018, 2038; 
1956, 28, Jan., 54, 56, 58, 60, 62; Feb., 292-306). The 
theory of heat transfer in production furnaces is outlined and 
applied to calculations of furnace design and capacity. The 
details of furnace dimensions and heating rates for heating 
steel sections, sheet, forgings, etc. under a wide variety of 
conditions are presented and discussed. Examples of calcula- 
tion of furnace output are worked out on the basis of the 
foregoing theory.—a. D. H. 

Energy Losses from Furnaces and the Concept of Efficiency. 
V. Paschkis. (J. Electrochem. Soc.). 1956, 108, Apr. 258-260). 
The limitations of conventional methods of calculating furnace 
efficiency are pointed out and a systematic procedure is 
put forward to classify the energy losses of a process.—a. D. H. 

Radiation Recuperators. F.-C. Evans. (Chaleur et Ind., 
1956, 37, Mar., 65-72). After a general discussion on re- 
cuperators, different types of radiation recuperators are 
briefly described, and radiation and convection recuperators 
are compared. Applications of radiation recuperators are 
indicated, and two combined radiation and _ correction 
recuperators are described.—r. E. D. 


HEAT-TREATMENT AND HEAT- 
TREATMENT FURNACES 


What the Commercial Heat Treating Industry would like to 
have the Industrial Heating Equipment Manufacturers Develop. 
J. W. Rex. (Metal Treating, 1955, 6, Sept.-Oct., 2-7). An 
illustrated account of heat-treating furnaces with suggestions 
based on a questionnaire. 

Why Steel is Heat Treatable. J. McAfee. (Australasian 
Eng., 1955, 48, Dec., 54-60). A simplified theoretical treat- 
ment of allotropy and the effect of carbon and other alloying 
elements is given as an introduction to a symposium on heat- 
treatment. 

Versatile Allcase Furnace. J. B. Smith. (Western Metals, 
1956, 14, June, 58-59). An account of a batch-type furnace 
with electronic controls for heat-treatment of small parts. 

Heat-Treatment Applications of The Grunewald Vertical 
Electric Furnace and the Elistrém Generator for the Special 
Generator for the Special Treatment of Steel. L. Gascuel. 
(P.A.C.T., 1955, 9, Dec., 460-463). Systems in which the 
metal can be heat treated in vacuum or in an inert atmosphere 
are outlined.—t. E. D. 

Chevrolet Operating New Tonawanda Plant. H. E. Trout, 
Jun. (Steel Processing, 1955, 41, Nov. 698-711). An illustrated 
review of all aspects of the plant and its operation is given. 
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Towering Mobile Furnace. West’s First to Treat 16 ft 
Parts. (Western Metals, 1955, 18, Dec., 48-49). An account 
of California-Doran Heat Treating Co. automatic controlled- 
atmosphere bottom-quenching furnace installed at Los 
Angeles is given. 

Automatic Heat Control Problems of Gas-Fired Industrial 
Furnaces Analyzed. L. Lawther. (Steel Processing, 1956, 
42, Jan., 33-35). Thermocouple locations and other factors 
are considered. 

Subzero Treatments for Metals. T. A. Dickinson. (Metal 
Treating, 1955, 6, Nov.-Dec., 2-4). 14 Uses are listed with 
brief notes. 

Zone Melting Processes for Pure Compounds AB with a 
Negligible Vapour Pressure. J. van den Boomgaard. (Philips 
Res. Rep., 1956, 11, Feb., 27-44). Theoretical. A semicon- 
ductor model is used. 

Flame Hardening— Modern Methods and Equipment. J. E. 
Hyler. (Steel Processing, 1955, 41, Oct., 659-664, 668, 671; 
Nov., 725--730, 733). An illustrated account of the hardening 
of cams and gears with photomicrographs is given. 

Materials Handling at High Temperature. (Steel Processing, 
1955, 41, Dec., 793-796). An account of methods at the In- 
ternational Harvester Co. tractor works. Continuous harden- 
ing furnaces are illustrated and described. 

Slow-Cooling Cracks. A Carburizing Problem. T. W. Ruffle 
and P. C. Kirby. (Metal Treatment and Drop Forging, 1956, 
23, June, 237-242). A type of cracking appearing with some of 
the “substitute” specifications is described and investigated. 
Metallographic examination appears to link it with conditions 
of austenite transformation, but the experiments are in- 
sufficient, as yet, for a full understanding of the process. 

Influence of Size on Residual Stresses in Workpieces after 
Surface Hardening. H. Biihler. (Z.Vd.J., 1956, 98, Feb. 21, 
220-222). Experiments with 0-67%C steel bars flame- 
hardened to a constant depth have shown that the residual 
stresses depend on the diameter of the bar. The longitudinal 
and hoop stresses in the core reaches minimum values, and the 
stresses in the skin maximum values, for intermediate sizes. 

Theory of the Action of Sulpkur and of Certain Hexagonal 
Elements in Polycrystalline Structures. Practical Applications. 
A. Paudrat. (Centre Doc. Sidér., Circ. Inform. Techn., 1956, 
18, No. 5, 983-1013). After a discussion on improving the life 
and high speed qualities of tool steels and on the use of sulphur 
and lead for this purpose, the theoretical reasons for the action 
of sulphur are examined. Industrial methods for nitrosulphur- 
izing, sulphocementation, and the elaboration of very high 
speed steels and ordinary cutting steels are outlined, and results 
of works trials are reported.—t. E. D. 

Induction Surface Hardening of Spheroidal Graphite Cast 
Iron. W. Malmberg. (Giesserei, 1956, 48, Feb. 16, 81-85). The 
various types of induction heating are first considered. Hard- 
ness experiments carried out on both pearlitic and ferritic 
cast iron are described, including micro-hardness measure- 
ments. The variation of the depth of the hard layer with the 
heat treatment is described. The dependence of the increase 
in hardness upon the pearlite content is demonstrated 
graphically.—Rr. J. w. 

The Increase in Wear-Resistance of Metals due to Surface 
Treatments. (Génie Civil, 1956, 188, June 15, 230-235). 
Methods of wear are classified and the effects of carbon 
content and temperature are indicated. The effects of 
mechanical treatments are given in general terms and treat- 
ment with phosphates, sulphur compounds and nitridation 
are reviewed both as to methods and effects. Sand-blasting 
tests are quoted. 

The Reaction of Carbon and Oxygen in Liquid Iron. M. G. 
Frohberg. (Giesserei, 1956, 48, Mar. 1, 112-114). A review 
article of British and American work on the thermodynamics 
of the reaction C + O = CO in liquid steels. 10 references are 
given. The equilibrium constant of this reaction and its 
dependence on the carbon content at temperatures of 
1540° C and 1640° C are illustrated graphically. This work 
is important for the decarburization of steels, which is illus- 
trated by a graph showing the dependence of carbon loss on 
the reaction time under various experimental conditions. The 
influence of carbon concentration on the activation coefficient 
of carbon in liquid iron is discussed.—r. J. w. 

New Annealing Facilities for Ford Motor Co.’s Steel Division. 
J. H. Sprague. (Iron Steel Eng., 1956, 38, Feb., 101-105). 
This article describes the new 16 coil annealing furnaces with 
41 bases recently installed at Fords. The covers are end. 
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fired radiant tube furnaces, 12 tubes on each end, designed to 
operate on four-stack bases and capable of dealing with 
66 in. outside diameter coils.—m. D. J. B. 

Fabricating Ultra-High Strength Steel. J. Dietz and L. H. 
McCreery. (Product Eng., 1955, 26, Dec., 170-173). SAE 
4340 steel is used in numerous applications in aircraft cons- 
truction, and tests have shown that, within limits, this steel 
can be used for fairications. The authors discuss some of the 
conditions to be observed when heat treating, plating, etc. 
this steel.—kr. A. C. 

Dependence of ‘he Anisotropy of the Mechanical Properties 
of Steel on the Tempering Temperature. Shen’ Syao-Tsin. 
(Stal’, 1955, (11), 1022-1024). [In Russian]. The effect of 
changing tempering temperature in the range 100—650° C on 
the anisotropy of mechanical properties as indicated by the 
difference between test results for transverse and _ longi- 
tudinal specimens, was studied for an O.H. and an electric 
steel. Tempering temperature after hardening had a signi- 
ficant effect on anisotropy. For determining the maximal 
extent of anisotropy from toughness only, the tests can be 
carried out after either high or low tempering. If relative 
reduction of cross-sectional area is also used, the tests should 
be carried out only after high tempering.—-s. kK. 


FORGING, STAMPING, DRAWING, 
AND PRESSING 


Mechanical Properties of Large Forgings. A. N. Zhironkin, 
A. D. Men’shikov, and P. D. Khinskii. (Stal’, 1955, (11), 
1016-1022). [In Russian]. Investigations of the variation in 
mechanical properties over sections of heat-treated forgings, 
700 mm in diameter, are described. It was found that, while 
variations in the strength of the metal were small, the plastic 
properties fall with increasing depth below the surface. This 
fall is especially evident with test-pieces cut tangentially with 
respect to the forging axis, and is appreciably less with radial 
and axial test-pieces. The fall is attributed to increasing 
hydrogen content and can be reduced by prolonged (60—120 h) 
tempering at a lower temperature than that required to 
produce the desired mechanical properties.—-s. kK. 

Upset Forgings: Modern Methods and Design. M. W. 
Lamprecht. ((Steel Processing, 1955, 41, May, 295-304; 
June, 367-374, 390, 391). The many and varied uses of 
modern upset forging machines are tabulated and discussed. 
Die design, and the main operational features in the manu- 
facture of upset forgings are dealt with by describing the 
operations involved in the forging of a variety of components, 
These include multiple operation forgings on bar or rod, 
multiple operation forgings having a hole through the entire 
body, the upsetting of tubing, forging with split upsets, and 
various unusual multiple operations in which metal is 
gathered off centre.—P. M. Cc. 

Development of a Die Block for Closed Die Forging. J. A. 
Succop. (Steel Processing, 1955, 41, Oct. 621-635). An 
account of progress at the Heppenstall Co., on the develop- 
ment of steels and other features in the production of blocks 
for still larger presses. 

Induction Heating in High-Speed Production Forging Plant. 
(Metal Treatment and Drop Forg., 1955, 22, Jan., 14, 17). A 
brief description is given of a newly installed 200 kW Birlec 
induction heater at the South Wales Forgemasters Taffs 
Wells plant. The heating unit supplies billets up to 2} in. 
and 43/5 lb in weight to a 3-stage 1000 ton Maxipres at a 
rate of 10 ewts/h.—P. M. Cc. 

Tyre Forging at C.A.F.L. St. Chamond Works. Metal 
Deformation. P. Coron. (Rev. Mét. 1955, 52, Dec. 917-933). 
An examination of test pieces from forgings at various 
stages of the process showed the distribution of deformation 
throughout the metal. These are shown in detail and used to 
explain features of the process. 

Two Interesting Examples of Large Forgings. M. Puebla 
Camino. (Inst. Hierro Acero, 1956, 9, Feb., 228-233. Special 
Number.) [In Spanish]. Details are given of the technique of 
forging a five-clawed rudder component from a 0: 25/0-32% C 
steel. The finished weight was 8000 kg but because of the 
specialized shape a 28 ton ingot was needed. Twenty-three 
reheats were required. The other forging was an eight-throw 
crankshaft, finished weight 5900kg, in a 0-30/0-40% C, 
1-0/1-5% Ni, 0-30/C-60% Cr steel. Step-by-step details of 
the forging processes for these two articles are given.—P. Ss. 

On the Inverted-V Segregated Zone of Large Carbon Steel 
Ingots. Ill. Segregation Flaws Appearing in Large Carbon 
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Steel Forgings, 1 and 2. M. Kawai. (Tetsu to Hagane, 1956, 
42, Feb., 85-88; 89-93). [In Japanese]. Segregation flaws as 
well as ‘‘ghost’’ defects can be found in forgings, and these 
are related to defects appearing in the segregation lines of the 
ingots. Their characteristics and relationship to manufactur- 
ing conditions are investigated.—x. E. J. 

Defects in Ingots for Forging and Methods of Minimizing or 
Avoiding their Formation. (Jnst. Hierro Acero, 1955, 8, 
Nov., 638-706. Special Number). [In Spanish]. A series of 
reports by the Steel Ingots and Forgings Committees is given 
under the following headings: (1) general furnace operation, 
(2) ingot mould design, (3) temperature and speed of casting, 
(4) stripping, (5) heating for forging, (6) overheating and burn- 
ing, (7) cold forging, (8) origin of transverse forging cracks, 
(9) flakes and bright spots. The first four are accompanied by 
illustrations of ingot defects with notes as to their nature and 
possible causes. The next four are discussed jointly; 42 
references are given. Section 9 is discussed separately, 43 
references are given. Finally 4 appendices to Section 6 are 
given, with many micrographic illustrations and, in all, 67 
references.—P. S. 

Tests of Aluminium-Killed Steel for Cold Upsetting. A. I. 
Zot’ev. (Stal’, 1955, (5), 463-466). [In Russian]. The use 
of aluminium-killed steel for cold upsetting is considered with 
special reference to the silicon-free steels which are required 
for deformations of over 70%. For such deformations silicon- 
free rimming steel sufficiently free from unfavourably-located 
defects is used. Steels fully killed with aluminium are satis- 
factory, but with incomplete deoxidation at low temperatures 
the plastic properties in cold deformation suffer and rejects 
after upsetting become very frequent. For this reason further 
investigation on the use of aluminium-killed steels and the 
deoxidation of steels for cold upsetting is urged.—s. k. 

Factors Affecting the Use of Hydraulic and Crank Presses 
for Cold-working Operations. A. R. E. Singer. (Sheet Metal 
Ind., 1955, 32, Feb., 85-91, 144). The author deals briefly 
with economic factors, and examines in greater detail some 
technical factors such as maximum depth of draw and selec- 
tion of materials and lubricants.—a. H. M. 

Investigations of Hot and Cold Pressing Tools made by 
Machining and Hobbing. P. Griiner and E. Taubert. (Draht, 
German ed., 1955, 6, Oct., 395-399, Nov., 455-466). After a 
description of current hobbing practice, the authors describe 
fundamental work on piercing with free and inhibited spread 
of the workpiece by Siebel and Siebel and Ulrich, and their 
own investigations on the cold-hobbing of a simple experi- 
mental tool for bolt making. Data are given of materials, 
hobbing procedure, and heat treatment for a range of blanking 
and forging tools, supplemented by pressure-penetration 
diagrams for alternative hobbing methods.—4. G. w. 

Tooling with Phenolic Casting Resins for Sheet-metal 
Pressing. F. L. Gilbert. (Sheet Metal Ind., 1955, 32, April, 
245-250, 265). Properties, method of handling, machining, 
and reinforcing of phenol-formaldehyde resin for tooling 
purposes are described. The paper is followed by a discussion. 

Complementary Economies in Blanking from Cut Sheet. 
(Mech. World, 1956, 186, Jan., 26-28). A blanking press for 
the blanking of large discs from previously sheared metal 
squares is described.—p. H. 

Sectional Dies—Some Aspects of their Design Construction 
and Use. F. Strasser. (Sheet Metal Ind., 1955, 82, May, 
339-343, 384). 

An Inverted-type Piercing Die to Produce Angular Holes. W. 
M. Halliday. (Sheet Metal Ind., 1955, 32, May, 330-333, 338). A 
die of unconventional design is described, and its operation 
illustrated by an example where holes are to be pierced at 
right-angles to an inclined sidewail.—a. H. M. 

Assembly of Sheet Components. F. Strasser. (Sheet Metal 
Ind., 1955, 82, Feb., 92-95; Mar., 183-185). The article 
describes methods of joining sheet-metal stampings to each 
other, to machined parts or to non-metallic work pieces. The 
processes given are chiefly press-operations but other methods 
are considered.——A. H. M. 

Combining Die Stamping and Machining Operations. F. 
Strasser. (T'ecn. Indust., 1955, 38, Nov., 1532-1534). [In 
Spanish]. The advantages and limitations of stamping 
operations are compared with machining processes, and it 
is explained how the former can substitute for the latter. 
Finally, a series of illustrations are given which indicate 
cases where stamping (and punching) can be substituted, with 
advantage, for machining, and others where a machining 
operation should be employed.—?. s. 
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Comparative Studies on the Suitability of Single- and Multi- 
jet Torches for Heating for Hot Forming. K. Boeckhaus and 
H. Ehrenberg. (Schweissen w. Schmeiden, 1955, 7, Dec., 
488-495). The use of multi-jet torches for heating work- 
pieces prior to deformation is discussed. Gas consumption and 
heating time data are reported.—v. E. 

Production of Tubes and Sections from Steel by Drawing. 
(Génie Civil, 1955, 182, Dec. 15, 472-473). A general account, 
with mention of temperatures, apparatus, and lubricants, and 
the effects on metal structure, is given. 

Drawing Dies For Stainless Steels Require Modifications. 
S. R. Cope. (Metalworking Production, 1955, 99, Oct. 7, 
1714-1716). Stainless steel, nickel and high-nickel alloys 
may be drawn in either single or double action presses in dies 
similar to those used for drawing ordinary steel, providing 
the dies are larger and stronger. Also working details of the 
die must be made of special materials to reduce tendency of 
stainless steel to pick up and load the die.—m. A. k. 

The Effectiveness of Using Counter-Tension in Drawing. 
I. L. Perlin. (Stal’, 1955, (11), 1031-1033). [In Russian]. 
Some recent views on the use of counter-tension in wire 
drawing are critically examined and the conditions for the 
most effective use of this technique are considered.—-s. kK. 

Increasing the Stability of the Instrument and the Safety of 
Working in Wire Drawing Machines. Yu. N. Volkov. (Stal’, 
1955, (11), 1028-1031). [In Russian]. The consequences of 
incorrect alignment of the wire with respect to the die and 
soap box are discussed, and a self-aligning arrangement is 
desexibed. This has behaved satisfactorily in full-scale tests 
and has prevented the uneven deformation of the wire and 
consequent formation of dangerous loops. The arrangement 
described includes a device for securing the free end of the 
wire, based on the utilization of the kinetic energy of the free 
end as it moves along a trajectory in a horizontal plane. A 
simple robust and satisfactory photoelectrically operated 
stopping safety device is also described.—s. k. 

An Approach to the Organization of Maintenance in the 
Wire Industry. J.T. May. (Lecture to Staff School, Fred. 
Smith & Co., Halifax, Nov. 2, 1955). A system of organized 
maintenance is outlined, applicable to medium to large-sized 
wire mills; the paper is confined to the administrative side of 
maintenance.—J G. Ww. 

A Graphical Method for the Calculation of the Performance of 
Multi-hole Wire-drawing Machines. F. Kowalski. (Draht, 
German ed., 1955, 6, June, 215-217). Nomograms and a slide- 
rule are described for the computation of machine output from 
machine speed and wire diameter.—4J. G. w. 

Manufacture of Steel Shavings and Wire Wool. W. Reichel. 
(Draht, German ed., 1955, 6, Nov., 443-454). This is a 
comprehensive survey of machines for the manufacture of 
wire wool, with sections on tool design, and uses of wire 
wool.—J. G. W. 

Extrusion and Its New Application. J. Delcroix. (Mét. 
Constr. Mécan., 1955, 87, Oct., 793-795). A brief review of the 
potentialities of the Ugine-Sejournet process for extruding 
steels into complex section is presented.—B. G. B. 

Impact (Cold) Extruded Parts. J. L. Everhart. (Mat. 
Methods, 1955, 42, Aug. 111-126). A comprehensive survey is 
made of the impact extrusion process and the sizes, shapes, 

limitations, and applications of parts produced from ferrous 
and non-ferrous metals. The properties and treatment of tool 
steel dies and punches are outlined, and progress made recently 
with the extrusion of high carbon and alloy steels is discussed. 

Fundamentals of Extrusion Theory. I’. Gatto. (Alluminio, 
1954, 28, Oct. 533-545). A formula for extrusion pressure is 

given and compared with experimental findings. Work on 
compound ingots gives information on movement during 
extrusion. 


ROLLING-MILL PRACTICE 


Working Conditions of the Vertical Rolls of a Universal 
Mill. L. F. Molotkov, G. E. Tsukanov, and E. M. Bortunov. 
(Stal’, 1955, (10), 914-915). [In Russian]. On the basis of 
rolling experiments successful measures were adopted to 
avoid overloading vertical rolls when changing to greater 
reductions coupled with fewer passes. Measures included the 
selection of rational ratios for the peripheral velocities of 
vertical and horizontal rolls.—s. kK. 

Hose Coupling Reduces Roll Changing Time. (Jron Steel 
Eng., 1955, 82, Dec., 153-154). Connecting and disconnecting 
threaded pipe fittings on mills is responsible for substantial 
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down times. The article describes the use of hose pipe fittings 
on the fluid lines to all rolls at the Crucible Steel Co. The 
practice is claimed to reduce roll change times.—-M. D. J. B. 

Determination of the Pressure of Metal on the Rolls. M. Z. 
Levin, M. F. Leshchinskii, K. D. Shumilov, ahd V. K, 
Prourzin. (Stal’, 1955, (11), 1033-1034). [In Russian]. 
Results of experimental determinations of rolling pressures on 
a continuous strip mill are presented and compared with 
calculated values. The temperature and width of the strip, 
the reduction, rolling speed, chemical composition, and 
mechanical properties of the metal were determined simul- 
taneously.—-s. K. 

Resistance to Wear of Steel Rolls. I. K. Antsyferov. 
(Stal’, 1955, (4), 334-338). [In Russian]. An account is given 
of a full-scale experimental investigation of factors influencing 
the resistance to wear of steel rolls in blooming mills. The 
greater resistance of alloy steel (0-74—0-80% Cr, 1-28-1-30% 
Ni, 0-60% C) compared with that of carbon steel (0-46- 
0-47% C) was demonstrated. Special attention was given to 
the effects of water cooling and the formation of surface cracks. 
Other factors considered include forging, machining and heat- 
treatment conditions and overloading during operation. The 
development of surface cracks is traced in detail and character- 
istic roll surfaces are illustrated.—s. k. 

Reducing Roll Breakage. ©. F. Peck, Jun., and F. T. Mavis. 
(Iron Steel Eng., 1956, 38, March, 53-57). This paper sum- 
marizes the results of a study of fractured iron work rolls in 
four-high continuous, hot strip mills. Four major types of 
fractures are studied: breaks in the body and neck of the 
rolls, which account for 20% and 33% of the failures respec- 
tively, spalls which account for 43 % of the failures and splits in 
the body of the rolls accounting for 4% of the failures. 

Roll Temperature Study on a Hot Strip Mill. A. M. Belansky 
and C. F. Peck, Jun. (Iron Steel Eng., 1956, 38, March, 
62-64). This paper presents results of a work roll surface 
temperature study using a brush thermocouple specially 
developed for the purpose and patented by the research 
department of Bethlehem Steel Co.—xm. p. J. B. 

History of the Fontana Blooming Mill. R. MacDonald. 
(Iron Steel Eng., 1956, 38, May, 94-97). The author describes 
the installation of a new mill stand of closed design permitting 
a 38} in. lift of the top roll. The new stand was designed to fit 
on the existing mill shoes, requiring only very slight founda- 
tion changes to accommodate the new steel-yard rods, the 
linkage to the rod carrier and the hook end of the counter- 
weight arm.—-. D. J. B. 

Intensification of Rolling Conditions on a Type 1150 Bloom- 
ing Mill. A. P. Chekmarev, V. L. Pavlov, V. M. Klimenko, 
G. E. Tsukano, E. M. Bortunov, and P. A. Vashchilo. (Stal’, 
1955, (10), 916-921). [In Russian]. Analysis of the operation 
of a Soviet-built blooming mill showed that it was not being 
fully utilized, and this article describes experiments to deter- 
mine optimal reductions and roll-pass design. The greater 
reductions finally adopted improved metal quality to some 
extent, particularly in grain structure. Best results were 
obtained with ingot temperatures at the start of rolling of 
1180° and 1190°C for axle and bridge steel, respectively. 
Three variants of rolling schemes are described, the resulting 
micro-structures of bridge and axle steels being illustrated. 
The applicability of each variant is indicated.—s. k. 

The New and Powerful Type 1150 Soviet Blooming Mill. 
G. N. Krauze. (Stal’, 1955, (11), 1003-1011). [In Russian]. 
The layout and component parts of a new Soviet blooming 
mill which has been operating since 1954 are described. The 
roll diameters are 1150 mm and the mill is designed to roll 
7-15 ton ingots into blooms from 200 200 to 400 400 mm 
in section, thus combining the work of a blooming and a 
slabbing mill. Among the special features of the new mill is 
the novel system used for the application of the load from two 
D.C. motors. The mill also incorporates various constructional 
simplifications.—s. k. 

Mill Trains for Heavy Sections. Courtheoux. (Centre Doc. 
Sidér., Circ. Inform. Tech., 1955, 12, (12), 2407-2412). Pro- 
duction of H and U profiles to direct orders from consumers 
examined. Beams of various lengths are considered. The 
general layout of rolling mill shops is shown diagrammatically. 

Sheet Metal and Plate Fabrication Works. (/ngineer, 1955, 
200, Nov. 4, 662-664). The new factory of Frederic Braby & 
Co., Ltd., is described. The works occupy 284 acres with 
good rail and road access and are fully tooled to produce sheet 
metal goods, pressings, pressure vessels, light structural 
steelwork and mechanical handling equipment.—m. D. J. B. 
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The Need for Continually Improving the Quality of Hot- 
Rolled Sheet. G. I. Bel’chenko and I. M. Shapoval. (Stal’, 
1955, (4), 373-374). [In Russian]. Discussion on factors 
influencing the quality of hot-rolled sheet is reported and 
recommendations for further investigations and improvements 
are listed.—-s. K. 

Technical Note on Sheet Steel. R. Levi. (Costruzioni Met., 
1955, 7, Mar.-Apr., 26-28). [In Italian]. A brief review is 
given of the various types of sheet available on the market. 
Although referred to by many names: commercial, general 
purpose, deep and extra deep drawing, bright finish, temper, 
etc., they can be classed broadly by their ability to withstand 
plastic deformation and by their surface quality. The types of 
most frequently occurring defects are described.—m. D. J. B. 

Hot-rolled Gear Wheels. A. D. Kuzmin, M. V. Vasilchikov, 
and M. V. Barbarich. (Vestrik Mashinostroenniya, 1955, 35. 
March, 53-56; Sept. 41-44. Translation in Eng. Digest, 1955, 
16, Dec. 575-577). The mill is described and tests on the 
gears are described. 

Rolling I-Beams of a Lightened Type. N. K. Ryabokon, 
S. V. Gubert, I. Ya. Vinokurov, and G. D. Feigin. (Stal’, 1955, 
(11), 1000-1003). [In Russian]. Experience at the Novo- 
Tagil’ works has shown that lightened types of I-beam can be 
rolled in modern rail-girder mills without installing additional 
equipment, but the operation can be carried out more 
advantageously with a universal stand. With rail-girder 
mills beams with a minimal web-thickness of 5mm can be 
produced regularly. The minimal temperature at the start of 
rolling must be raised by at least 20-30° C compared to that 
for ordinary I-beams to reduced electricity and roll consump- 
tion and increase the productivity of the process. The article 
gives details of roll pass design.—s. K. 

Reduction of Idle Time in Rolling Mills for Roll Changing. 
L. V. Shapiro. (Stal’, 1955, (11), 1025-1027). [In Russian]. 
Idle time due to roll-changing is analysed for several Soviet 
rolling mills and ways of reducing the resulting loss of produc- 
tion are suggested.—-s. K. 

Rolling Stainless Steels with Large Reductions. V. N. 
Plokhov, E. I. Andreev, and R. B. Iskhakov. (Stal’, 1955, 
(11), 1045-1047). [In Russian]. The productivity of a mill 
rolling stainless steel has been approximately doubled by 
modifying roll-pass design so as to increase the reduction, the 
maximal elongation being raised from 1-45 to 1-62.—-s. K. 


Experiments on Rolling of Transformer Steel Strip for Use in 
Heavy-Current Electrical Gear. R. Pilpan. (Hutnické Listy, 
1956, 11, (3), 132-134). [In Czech]. Experiments on the 
production of 10-3in.-wide strip containing 0-045% C, 
0-09% Mn, 3-04% Si, 0-007% P, 0-005% 8, 0-1% Al, and 
0-14% Cu are described; melting, casting, and rolling pro- 
cedures being’considered. The technological process developed 
was found to be an improvement on existing practice, and is 
likely to be used as basis for amendments to existing Standard 
Specifications.—P. F. 

The Measurement of Strip Tension. P. R. A. Briggs and 
W. H. Bailey. (Davy-United Engineering, 1956, 1, Apr., 
9-14). Single-roll and three-roll tensiometers are figured and 
the detector units described. Accuracies are indicated. 

Electronic Inspection of Continuous Strip. L. Walter. 
(Sheet Metal Ind., 1956, 38, Mar., 205-208). Photoelectronic, 
X-ray, B-ray, and ultrasonic methods are briefly reviewed. 

The Anisotropy of Strain-ageing of Temper-rolled Mild-steel 
Sheet. B. B. Hundy. (Sheet Metal Ind., 1955, 82, April, 
289-292). The discontinuous yield point, and hence the ten- 
dency to show stretcher-strains in pressings, returns at 
different rates in the rolling and transverse directions during 
ageing of temper-rolled mild steel. A light temper-rolling 
reduction leads to a faster return of the yield point in the 
transverse direction, while a heavier reduction gives the 
opposite effect. Roller-levelling after temper rolling acceler- 
ates the return of the yield point in both directions. The 
author explains these findings in terms of residual stresses 
and suggests that tensile tests used to assess the behaviour 
of mild steel sheet should be done in both the rolling and 
transverse directions.—a. H. M. 

The Effect of Bending on the Mechanical Properties of 
Temper-rolled Mild Steel. B. B. Hundy and T. D. Boxall. 
(Sheet Metal Ind., 1955, 32, Fcb. 101-103, 108). Experiments 
have shown that if temper-rolled mild-steel sheet is bent before 
ageing the mechanical properties of the steel are affected. A 
slight bend decreases the ductility and increases the strength 
and the yield-point elongation. The increase in the latter 
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becomes greater as the rolling reduction is increased. Severe 
bending leads to a more marked change in the ductility and 
strength, and the yield point elongation is usually reduced. 

Rolling Tubes of Exact Dimensions on a Continuous Mill. 
8. A. Geskin and P. V. Savkin. (Stal’, 1955, (7), 621-626). 
{In Russian]. This article deals with investigations of metal- 
deformation in the passes of a continuous mill. The longitudi- 
nal and transverse flows of the metal at various stages of the 
process were studied, and an equation by which the tube 
wall thickness can be found is deduced. Oval and circular 
grooving is compared and the advantages of the latter for 
tubes of accurately constant wall-thickness are considered. 
These advantages include the increase of the proportion of 
under-15% wall-thickness variations from 56-84% to 84- 
93-5%, and improved roll life.—s. x. 

Development of Steel Tube Rolling in Japan. K. Mochizuki. 
(Tetsu to Hagane, 1955, 41, July, 757-762). [In Japanese]. 
Since 1946, fourteen resistance—welding mills and one con- 
tinuous butt-welding mill have been installed, as well as 
threading machines, a cold-drawing machine, and a tube 
rolling mill. Investigations are being made on cold-drawing of 
tubes with back tension.—k. E. J. 

Production of Seamless Tubes in Special Steels. (T'ecn. 
Indust., 1955, 38, Oct., 1365-1366). [In Spanish]. A brief 
review is given of the classes of steel which are made into 
seamless tube. These are described under the following 
headings: (1) creep-resisting steels—pearlitic, ferritic, and 
austenitic, (2) steels for the petroleum industry, (3) steels for 
the chemical industry, (4) high tensile steels, and (5) steels 
for pressure vessels.—P. s. 

Leading Wire Rolling Mill Practice. V. I. Volobuev. (Stal’, 
1955, (10), 922-930). [In Russian]. The results are presented 
of asurvey of rod rolling practice at nine works in the U.S.S.R., 
on the basis of which numerous improvements have been made 
and latent reserves of productivity discovered. Means of 
obtaining further productivity increases are listed.—s. k. 

Individual Power Supplies for Hot Strip Mill Finishing 
Stands. A.. F. Kenyon. (Iron Steel Eng., 1956, 38, April, 161). 
Brief details are given of the electrics to be installeu at two 
large continuous hot strip mills under construction. The 
mills are 58 and 56 in. wide.—m. D. J. B. 

A New Approach to Continuous Mill Drives. A. L. Thurman 
and D. Hancke. (Iron Steel Eng., 1956, 88, Feb., 76-84). The 
authors describe the latest developments in continuous mill 
drives. These incorporate a combination of a differential gear 
with a variable speed hydraulic unit for each stand with all 
stands driven by a common line shaft from the main motor. 
The drive can be adjusted to give any desired ratios of speed 
between consecutive stands of a continuous mill when 
running idle and when running under heavy load. The drive 
is rigid after the desired speed ratios have been obtained thus 
giving the speed stability of a solidly geared mill.—m. D. J. B. 

New 5-Stand Cold Mill Drive for Richard Thomas and 
Baldwins Ltd. W. L. L. Wynne. (English Elect. J., 1956, 14, 
June, 5-14). An illustrated description is given. 

Metal Cutting Measurements and their Interpretation. E. G. 
Loewen and N. H. Cook. (Proc. Soc. Exper. Stress Anal., 1955, 
18, Dec., 57-62). Rings for use with electrical strain gauges 
are described. 

Works Experience with Gas Radiator Heating. O. Schneider. 
(Stahl u. Eisen, 1956, '76, Feb. 23, 227-229). The use of over- 
head radiators burning town gas for space heating in a rolling 
mill is described and discussed.—a. c. 


MACHINERY FOR IRON AND 
STEEL PLANT 


410-Ton Ladle Crane. (Engineer, 1956, 201, June 8, 643-644). 
Particulars are given of a 410-ton ladle crane which has been 
supplied to the Australian Iron and Steel Co. The crane is 
made by Joseph Adamson and Co., Cheshire.—m. D. J. B. 

Electrical Aspects of Adjustable Voltage Ore Bridges. E. H. 
Gautier. (ron Steel Eng., 1956, 88, March, 110-115). This 
article describes the application of D.C. adjustable voltage to 
the main drives of ore bridges. It is claimed that this results 
in greater bridge capacity because of higher acceleration, 
higher hoist and trolley speed, greater grab capacity, and 
better controls for the operator.—xm. D. J. B. 

Introduction of the Blanket Conveyor. F. R. Waple. (Gas 
Times, 1955, 85, Dec. 23, 320-322). Development of the 
blanket conveyor makes it possible to increase substantially 
the angle of incline up which loose granular materials, such 
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as coke, may be raised. The “blanket” belt rests on the 
material of the carrying belt and blankets the jolt received 
at each supporting idler; this jolt normally causes the coke to 
run back. Brief description is given of a conveyor installed 
at Bow Common.—t. E. D. 

Effect of Regulator Systems on Associated Apparatus. 
W. R. Harris. (Iron Steel Eng., 1955, 32, Aug., 136-140). The 
author shows how regulators can affect the specifications for 
associated equipment, and describes a study made on the 
‘anacom’ computer to demonstrate the effect of such vari- 
ables as system gain, exciter size and ceiling voltage, size of 
damping apparatus, effect of rotating machine time constants 
and saturation and the effect of rising machine characteristics. 

Regulator Development and Future Trends. R. C. Suttle. 
(Iron Steel Eng., 1955, 32, Aug., 140-142). A brief survey is 
made of the developments of regulator equipment from 1920 
to this day. The author suggests lines along which future 
trends may progress.—m. D. J. B. 

Correct Crane Runway Design Minimizes Maintenance. J. A. 
Evans. (Iron Steel Eng., 1956, 38, May, 60-63). The author 
discusses the effect of Hooke’s strain-stress law on girder 
design and a crane runway design which compensates for 
this effect is described.—xm. D. J. B. 


LUBRICATION 


Study of Lubrication under Rapidly Varying Pressure. F. 
Charron. (Publications Scientifiques et Techniques du Ministére 
de l Air, 1956, No. 310, pp. 14). A paper on plastic lubricants 
and their anisotropy. The sections are: optical study of 
orientation phenomena, existence of two coefficients of 
friction (internal and boundary), description of the two kinds of 
test used. The first consisted of extrusion from capillary 
tubes under momentary. high pressure, and the second of 
rotation of a cylinder between two other cylinders with 
polished ends, using the lubricant under test. Apparatus is 
described and results given. 

Reducing Frictional Resistance and Wear of Steel—Use . 
Sulphide-Impregnated Surfaces. L. Marshall and S. 
Mansell. (Engineering, 1956, 181, June 1, 425-428). The 
authors describe a method for the low-temperature heat 
treatment of ferrous alloys to obtain a high wear resistance. 
The wear-resistant layer is obtained by treating the ferrous 
alloy at a temperature within the range 550 to 600° C in a 
molten mixture of an alkaline cyanide, an alkaline cyanate, 
and an alkaline sulphide, the mixture containing at least 25% 
alkaline cyanide, sufficient cyanate to cause the mixture to 
melt at a temperature below 500° C, and between 0:4 and 
2% sulphur.—m. D. J. B. 

Graphite-Impregnated Plastic Provides Lifetime Lubrication 
on Rapper Units. (Jron Steel Eng., 1956, 88, May, 150-153). 
This article describes the development of an improved 
electrostatic precipitation rapping equipment. The new 
electronically controlled rapper system provides small, 
frequent pulses to shake collected dust from the plates before 
it forms a thick layer.—m. D. J. B. 

Bearing Problems on High Power Gas Engines Exemplify the 
Practical Application of Lubrication Theory. W. Garski. 
(Stahl u. Eisen, 1956, 76, Jan. 12, 18-26). Bearing difficulties 
on changing from high-tin to lead bearing metals led to in- 
vestigation of loads on high power gas engines. These loads 
were found to be smaller than was expected. In view of this, 
and the lack of other definite indications, bearing damage was 
attributed to violation of the laws of hydrodynamic lubrica- 
tion. A new bearing was developed with proper respect for 
these laws, and freedom from wear was achieved together with 
compactness and greater economy. 


WELDING AND FLAME-CUTTING 


Modern Welding. H. G. Taylor. (J. Roy. Soc. Arts, 1956, 
104, Aug. 3, 688-749). The three Cantor Lectures. 

Oxy-Acetylene and Oxy-Propane, A Comparison. J. Okladek. 
(Canad. Metals, 1956, 19, Mar., 20-24; Apr., 25-30). The 
use of acetylene and of propane for metal welding and cutting 
are compared. Acetylene has a number of advantages. 

International Institute of Welding. Recommendations of 
Commission IX. Behaviour of Metals Subjected to Welding. 
(Brit. Welding J., 1956, 3, June, 254-257). Recommendations 
are given regarding minimum requirements to be met by 
ordinary carbon or low-alloy carbon-manganese structural 
rolled or forged steels so that they may be suitable for 
electric arc welding.—v. E. 
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1955 Adams Lecture: An Interpretation of Research and 
Experience in Structural Welding. La Motte Grover. (Welding 
J., 1956, 35, March, 209-224). Research results obtained 
with large welded structures have been supplemented by 
tests of realistic prototypes of structural members, to provide 
a basis for designing and building safe, economical welded 
engineering structures. The brittle fracture problem is 
discussed in detail.—v. E. 

Recent Findings on Weldable Rimmed Structural Steel. H. 
Hauttmann. (Schweisstechn., 1956, 10, Jan.-Feb.-March, 
15-20). It is shown that with the application of oxygen for 
refining the steel melt, the structure of rimmed steel is free 
from blowholes and segregations which are usually associated 
with rimmed steel. The steel has a low phosphorus and sul- 
phur content and can be successfully welded.—v. E. 

Carbon Dioxide Welding of Steel. P. C. van der Willigen 
and L. F. Defize. (Lastechn., 1956, 22, 5L, May, 69-77). 
{In Dutch]. This is a report from the Physical Laboratory of 
Philips Lamp Works, Eindhoven, showing that are welding in 
a CO, atmosphere can be used for various kinds of mild steel 
provided that the electrode contains sufficient deoxidants. It 
is pointed out that this type of welding is practically equal to 
welding in argon with oxygen excepting that the reaction takes 
place with carbon. The main features of the process are 
absence of hydrogen, low nitrogen content of the weld, less 
trouble with the arc length than with argon and very deep 
penetration which allows of production of unbevelled butt 
welds ensuring low heat input and electrode consumption. 

High-Strength Cast Steel with Good Welding Properties. 
I. R. Kryanin. (Svarochnoe Proizvodstvo, 1955, (7), 7-9). The 
hot-tearing property of copper steels is discussed and a 
welding rod composition for the repair of defects is described. 
A copper-manganese steel containing silicon has been de- 
veloped and its properties, such as strength and hardness, are 
recorded after cutting and welding. 


The Welding of Galvanized Steel. P. W. Jones. 
Metal Fab., 1956, 24, Mar., 98-101). 

A Straight-Polarity, Inert-Gas Process for Welding Mild 
Steel. J. M. Cameron, and A. J. Baeslack. (Welding J., 1956, 
35, May, 445-449). An inert-gas consumable-electrode was 
developed where the coating has the function of stabilizing the 
are. Applications of the process and weld characteristics such 
as speed, penetration and bead contour are described.—v. E, 

Spot Welding of High-tensile Steels. P. Joumat. (Sheet 
Metal Ind., 1955, 82, May, 357-360). The author describes 
a method, which involved the use of a special chart, for 
determining the accurate settings of resistance-welding 
machines in order to prevent brittleness. The method 
results in retaining only two variable parameters from the 10 
which make the welding sequence.—a. H. M. 

The Welding of Austenitic Steels Containing 12-14% 
Manganese. (Monderie, 1955, Sept., 4699-4700). The micro- 
structure of the 12-14% manganese steels is briefly con- 
sidered and recommendations for weld preparation, elec- 
trodes, and welding techniques for use with these steels are 
very briefly summarized.—n. C. w. 

Heat Balance in Welding Austenitic-Chrome—Nickel Steels. 
H. Krainer. (Schweisstech., 1956, 10, Jan.-Feb.-March, 
44-52). A brief survey is given of the use of austenitic 
chrome-nickel steels as chemical- heat- and fatigue-resistant 
materials. It is shown when studying the heat balance during 
arc welding that the austenitic steels behave similarly to 
nickel steel. The large coefficient of heat expansion of 
austenitic steels gives rise to high stresses during cooling. 
The tendency to cracking of the weld metal depends mainly on 
the condition and physical properties of the grain boundaries. 
It is found that stress relief treatment is beneficial when 
carried out between 700°C and 1000°C. Intercrystalline 
corrosion and its prevention are briefly discussed.—v. E. 

Welding Low Alloy Steel to Stainless. (Metalworking 
Production, 1955, 99, Dec. 16, 2138-2140). The article 
describes tests showing feasibility of both spot and seam 
welding low alloy steels to stainless steels. A complete 
analysis of the experiments is given in tabulated form and 
discussed.—m. A. K. 

Arc Welding of Aluminium to Steel. (Z'ecn. Indust., 1955, 
338, Dec., 1700-1701). [In Spanish]. Welding is accomplished 
by spray-coating re cleaned steel with aluminium and using 
aluminium sheet 9-52 mm thick to a mild steel bolt 9-52 mm 
dia. is illustrated. Tensile tests of the welds were made and 
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proved to be satisfactory. Pre-heating the steel did not 
improve the weld strength.—?. s. 

Experimental Studies on the Jointing of Metals. G. Grandori. 
(Costruzioni Met., 1955, 7, Jan.-Feb., 37-41). [In Italian]. 
The author discusses the difficulties of experimental research 
on the jointing of metal parts either by welding or by rivetting. 
A photoelectric method which gets over many of these 
difficulties is described and the results are given of the 
first experiments carried out at the Photoelastic Labora- 
tories of The Structural Science Institute of Milan University. 

Hidden Arc Welding of Railway Wagons. M. W. Wright. 
(Commonwealth Eng., 1956, 48, April 2, 292-294). An illus- 
trated review of South Australian Railways’ practice. 

The Welding of Austenitic Chromium-Nickel Steel Piping 
and Tubing. (A Committee Report, Arc Welding Soc., 1955, 
27 pp). The report is divided into seven sections wherein the 
major welding considerations are presented, followed by a 
discussion of the suitability of various stainless steel grades 
for welding pipe, suitable welding processes, the proper 
selection of filler metal, the role of the welded joint, proper 
pipe welding techniques and inspection methods.—v. k. 

Shielded-are Welding of Pressure Piping on Site. M. 
Lorant. (Sheet Metal Ind., 1955, 32, Mar., 206-207, 210). 
Inert-gas-shielded are-welding improves root conditions of 
circumferential butt-welding joints in pressure piping joints. 
The article describes a method of inert-gas backing which 
employs the use of paper discs placed inside the piping and 
held in place with masking tape.—a. H. M. 

Automatic Pressure Butt-Welding Process for High Pressure 
Pipe Lines. (Hngineer, 1955, 200, Dec. 23, 913-914). A brief 
outline is given of the Burton automatic pressure butt- 
welding process for high-pressure pipelines. It is a gas welding 
process in which the desired pressure is developed auto- 
matically by making use of the plasticity of the steel that is 
being welded to control the welding cycle.—xm. D. J. B. 

Welding of High Temperature High Pressure Piping with 
Chrome-Molybdenum Electrodes.’ L. C. Nesbitt. (Welding 
J., 1956, Feb., 129-135). The use of chrome-molybdenum 
E-XXI5 low carbon, low hydrogen electrodes is discussed. 
Satisfactory welds were obtained in ferritic chromium- 
molybdenum steels.—v. E. 

Joining Tubes to Tube-Sheets for Corrosive Radioactive 
Chemical Service. W. R. Smith. (Welding J., 1956, 35, 
April, 307-310). Joint designs have been developed which are 
considered to be suitable for welding the tubes to tube sheets 
for two general cases, i.e. where the corrosive solution is in 
contact with the inside of the tubes, and where it is in contact 
with the outside of the tubes. A detailed description of the 
joints and mechanical properties are given.—v. E. 

Effect of IR Heating on Electrode Melting Rate. J. L. 
Wilson, J. E. Claussen, C. E. Jackson. (Welding J., 1956, 
Jan., 1s—8s). It was found that an increase in melting rate 
due to I?R heating in the electrode extension is an exponential 
function of the extension, current and electrode diameter. 

Some Current Aspects of Industrial Brazing. J. E. Hyler. 
(Steel Processing, 1955, 41, July, 426-431, 458). The scope 
and benefits of brazed joints, flow temperatures, fluxes, and 
alloys, and joint strengths, are discussed with particular 
reference to silver brazing. Production brazing is then re- 
viewed, details being given of the electrical resistance method, 
flame fluxing, furnace brazing, and the use of induction 
heating.—P. M. Cc. 

The Largest Steel Grain Storage Tanks in the World. 
(Lastech., 1956, 22, Feb., 25). [In Dutch]. The illustration 
shows one of eight enormous grain storage tanks constructed 
at Portland (Oregon), U.S.A., by the Lincoln Electric Co., of 
Cleveland, Ohio. They are made of wholly-welded steel 
plates ranging from ¥ in., 7 in., 4 in., and } in. thickness, 
and have a capacity of ca. 220,000 m* each and are 195 ft 
long, 135 ft high, and 75 ft across at the centre. 

Adhesive Bonding of Metals. S. N. Muchnick. (Mech. 
Eng., 1956, 78, Jan., 19-22). A theoretical basis is presented 
for the bonding of metals with organic mechanical properties 
of the metal and the adsorbed film on the metal on the nominal 
joint strength.—p. H. 

Is the Autogenous Cutting of Special Pipe Sections still a 
Problem Nowadays? Th. Abger and K. Schutz. (Lastechn., 
1956, 22, Feb., 17-21). [In Dutch]. This is a fully illustrated 
description of an autogenous pipe cutting machine made by 
J. & W. Mueller of Opladen near Cologne, for preparing 
complicated shapes for welded pipe structures.—F. R. H. 
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MACHINING AND MACHINABILITY 
Free-Cutting Steels. (Usine Nowvelle, 1956, 12, Feb. 9, 


37-38). Machinability of a metal is defined. The influence of 
chemical composition, steel-making method, and heat treat- 
ment of free cutting steels on their machinability is discussed. 


Effect of Heat Treatment on Machinability of Unalloyed Steel 
Containing About 0-45%C, with Particular Reference to 
the Smelting Process. E. Koerfer, H. Schenck, and H.-K. 
Gorlich. (Stahl u. Eisen, 1956, 76, Feb. 9, 125-133). Tests 
were carried out on Siemens—Martin, electric, improved 
converter, and basic Bessemer steels containing approximately 
0-45% C, 0-25% Si, 8% Mn, 0-04% P, and 0-02% 8S to 
determine the effect of heat treatment on turning and boring 
properties. In the turning tests the best tool life was obtained 
with improved converter steel and the worst with basic 
Bessemer. The boring tests showed annealed material in a 
less satisfactory light than turning tests, and there was little 
to differentiate Siemens—Martin, electric, and basic Bessemer 
steels. The improved converter steel was the most readily 
bored.— a. c. 

On the Electro-erosion Effect. M. Bruma and J. Roncin. 
(Compt. Rend. 1956, 248, July 16, 249-251). An expression is 
given for the size of crater formed by a spark discharge from 
an electrode, and verified by microscopical examination. 

Electro-erosive Machining of Metals. H. Opitz. (Schweiz. 
Arch. Wiss. Techn., 1956, 22, Feb., 41-47). An account of the 
factors influencing electro-erosive machining. In particular 
the effect of different spark frequencies on the amount of 
erosion of both tool and work as well as on finish is illustrated. 


Electro-spark Machining of Metals: Russians Develop 
Spark Erosion Technique. (Jron Coal Trades Rev., 1956, 
172, Aug. 13, 371-373). Details are given of the electro-spark 
method of machining metals, with special reference to Russian 
developments. Some of the applications of the method are 
discussed.—«. F. 

High Frequency Electro-Spark Machining of Hard Metals. 
(Microtecnic, 1955, 9, No. 5, 267-271). The principle and 
construction of the Elektra spark machining equipment 
produced by the Compagnie des Compteurs et Manométres, 
Liége, are described, and examples of its use for metal 
carbides and hardened steels are given.—L. D. H. 

Micromachining with Virtual Electrodes. A. Uhlir. Rev. 
Sci. Instruments, 1955, 26, Oct., 965-968). Holes of 20 » diam. 
and 1 mm deep have been drilled by the use of a “virtual 
electrode”—a non-conducting partition is an electrolyte, 
which may be a glass tip drawn 1 » diam. . Localized plating 
has also been accomplished by this method.—t. D. H. 

The Agietron, a Practical Solution to Electro-erosive 
Machining of Metals. W. Ullmann. (Schweiz. Arch, Wiss. 
Techn., 1956, 22, Jan., 23-28). A description of the Agietron, 
an electro-erosion unit operating at 200 ke/s, is given together 
with illustrations and descriptions of machined products 
made by the unit.—J. R. P. 

Grinding Tests at Malmberget. B. Fagerberg and L. Wel- 
lenius. (Jernkontorets Ann., 1956, 140, No. 3, 189-223). [In 
Swedish]. Tests have been in progress at this Swedish plant 
since 1950 to obtain reliable data concerning the correct 
performance of grinding equipment required for the produc- 
tion of high grade magnetite concentrates. After brief details 
of test methods and equipment, the paper describes the 
results of investigations concerning: pulp dilution, pulp level, 
volume of charge, size and shape of grinding media, mill 
speed, shape of shell liners, mill length, and diameter, and 
closed v. open-circuit grinding.—G. G. K. 


CLEANING AND PICKLING 


Metal Cleaning Studies Using Radioactive Tagged Soils. J. 
W. Hensley and R. D. Ring. (Plating, 1955, 42, 1137-1143). 
Radioactive stearic acid and mineral oil were used to assess 
the efficiency of an electrochemical cleaning process.—Aa. D. H. 

Surface Finish of Metals. (Metal Progress, 1955, 68, Aug. 
15, 82-88). The measurement of surface finish and factors 
influencing the selection of a specific finish for metal parts in 
service are discussed in detail. Typical surface finishes used on 
a wide range of machined parts, their dimensional tolerance, 
and the surface roughness are presented in tabular form. 

Tripoli as an Abrasive in the Development of Buffing Com- 
pounds. J. Badaluco. (Proc. Ann. Conv. Amer. Electro- 
platers’ Soc., 1955, 67—69).—a. D. H. 

The Significance of Mu in the Specification of Surface Finish. 
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(Mech. World. 1956, 186, Jan. 14-16). The various methods 
by which surface finish is defined are explained.—p. H. 

Liquid Honing as a Surface Conditioning Operation. W. ©. 
Ehlert, G. Kaufman, and G. Barrett. (Proc. Ann. Conv. 
Amer. Electroplaters’ Soc., 1955, 202-204; discussion 233-234). 

The Operation of Wet Cleaning Plant, with Special Reference 
to Sand Recovery. F. Brocke. (Giesserei, 1956, 48, Jan. 5, 
26-30). The essential requirements for a satisfactory wet 
cleaning plant are first stated. The equipment associated with 
such plant is then described and illustrated. The repeated 


papetnd of old sand can be effected. The properties of 


5 different core sands, the ¢ ompositions of which are given, 
are described. Economic considerations are then discussed. 

Contribution to the Study of Electropolishing of Steels 
Using Alternating Current. S. tae and M. Serra. (Inet. 
Hierro Acero, 1956, 9, Jan.-Mar., 325-332). [In Spanish]. 
Specimens of a 0-82%C ro Aa were studied in baths 
consisting of phosphoric acid with either acetic acid, lactic 
acid, amyl alcohol, ethyl alcohol, or amyl acetate additions. 
For each, the current density, time, rate of dissolution, and 
quality of polish are reported. A certain minimum current 
density (or rate of dissolution) was noted for each; the polish- 
ing action was also accompanied by a small voltage increase 
of 0-4-0-6v. 
passivation in these baths using direct current and polishing 
using alternating current. An explanation of the polishing 
process is put forward based on local supersaturation and 
precipitation at points where the dissolution rate is high. 
(10 references).—P. s. 

A Contribution to the Study of the Chemical Polishing of 
Iron. M. Serra and S8. Feliu. (Inst. Hierro Acero, 1956, 9, 
Jan., 100-107. Special Number). [In Spanish]. 
sixteen chemical polishing baths have been studied by measur- 
ing the dissolution rate of the specimen over a stated time 
against the concentration of the oxidant in a solution of given 
acidity. The baths contained one of a variety of oxidants and 
either sulphuric, phosphoric, hydrochloric, or perchloric 
acid. It was established that polishing conditions coincide 
with a state of partial passivity. The best results are obtained 
with sulphuric acid containing either hydrogen peroxide, 
chromic acid, or sodium chlorate.—?. s. 

On Certain Anomalies in Electrolytic Polishing. I. 5. 
Feliu and M. Serra. II. J. A. Boned, M. Serra, and S. Feliu. 
(Inst. Hierro Acero, 1956, 9, Feb., 213-216; 217-221. Special 
Number). [In Spanish]. In part I, the formation, and appear- 
ance of crystalline figures upon the polished surface of steel are 
discussed. These generally appear on martensitic steels 
polished in phosphoric acid baths at about 100°C and 0-4 
amp/cm? but others can be observed in citric acid baths. 
They are believed to be due to crystallization from the bath; 
their structure suggests that the process is periodic. In the 
second part, etching figures in acetic-perchloric acid baths 
are described and illustrated. No clear explanation is avail- 
able though they appear to be related to anodic super- 
saturation.—P. s. 

Closed Cycle Sulphuric Acid Pickling System, with Acid 
Recovery from Waste Pickle Liquor. W. Bullough. (Sheet 
Metal Ind., 1956, 38, Apr., 243-246). A system for making 
use of the recovery of sulphuric acid by the autoxidation 
process from ferrous sulphate is outlined. Liquor is evapor- 
ated to form monohydrate which is then autoxidised. Control 
methods are outlined. 

Energy Relations in a Sulphuric Acid Bath. G. W. Mazurzak. 
(Draht, German ed., 1955, 6, Aug., 316-322). Calculations are 
presented for an electrically heated sulphuric acid pickling 
bath, designed by Didierwerke A. G. Constructional details 
and running costs are also discussed.—s. G. w. 

Filtering of Chromic Acid Solutions. R. F. Ledford and L. O 
Gilbert. (Plating, 1955, 42, Sept., 1151—-1155).—a. pb. H. 

Evaluation of a Waste Pickle Liquor Treatment. T. F. 
Barnhart. (Iron Steel Eng., 1955, 32, Dec., 62-65). This 
paper discusses a new waste pickle liquor recovery process 
discovered by O. Ruthner in which the sulphate equivalent 
of the ferrous sulphate is recovered via the chloride as reusable 
sulphuric acid, thus eliminating the need for expensive 
contact or chamber suphuric acid plant.—m. D. J. B. 

Electrolytic Treatment of Waste Sulfate Pickle Liquor 
Using Anion Exchange Membranes. ©. Horner, A. G. Winger, 
G. W. Bodamer, and R. Kunin. (Indust. Eng. Chem., 1955, 
47, Jun., 1121-1129). Acid is recoverable apart from about 
3% remaining as ferric sulphate, the current required to go 
further being uneconomic. 
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Correlation is shown between the onset of 


A series of 


PROTECTIVE COATINGS 

On Testing the Strength of Adhesion of a Metallized Layer 
with the Base. L. V. Krasniche nko | _ A. A. Tikhonov. 
(Zavodskaya Laboratoriya, 1955, 21, (2), 229). [In Russian]. 
A simplified method of testing the strength of adhesion of a 
deposited metal layer to the base is briefly described and 
results obtained are compared with those of an established 
method.—s. k. 

Improvement in Electroplating Due to Ultrasonics. 8S. RK. 
Rich. (Proc. Ann. Conv. Amer. Electroplaters’ Soc., 1955, 
137-141; discussion 241-243). Low frequency vibration at 
20 ke/s is shown to eliminate anodic polarization and allow 
excellent deposits at greatly increased rates. In addition 
simultaneous cleaning and ——— are possible when the bath 
is irradiated with ultrasonics. . 

_Pinholes in Thin Steel and Pinhole ae penay Apparatus. 

. H. Rendel. (Iron Steel Eng., 1955, 32, Nov., 57-64). The 
pet od describes various types of perfor: ations and their 
causes. The need for pinhole detectors is stressed and their 
design and mode of operation is discussed. Various models of 
detectors and trends of development are reviewed.—™. D. J. B. 

Electrophoretic Deposition of Metallic and Composite 
Coatings. J. J. Shyne, H. N. Barr, W. D. Fletcher, and H.G. 
Scheible. (Proc. Ann. Conv. Amer. Electroplaters’ Soc., 1955, 
115-118; discussion 246). Brief details are given of a method 
of depositing metallic or non-metallic layers by electro- 
phoresis from a colloidal dispersion of the substance. This 
deposit is afterwards consolidated by sintering in a reducing 
atmosphere or by electroplating a metal through the pores of 
the coating.—a. D. H. 

The Kirkendall Effect in Metals: Possible Applications to 
Solve Porosity and Plating Problems. K. Sachs. Metal 
Treatment and Drop Forg., 1955, 22, Mar., 119-125). The 
experimental evidence and theories of diffusion of solid 
metals, known as the Kirkendall effect, are described. How 
the formation of diffusion micropores, and the heating of such 
discontinuities in the lattice which are associated with the 
phenomena, can be applied in considering porosity in powder 
metallurgy and the plating of alloys are discussed. The 
author shows, for example, how the theories can be used to 
select more mobile metals in protective coating techniques. 
(25 references).—P. M. C. 

Some Aspects of Solution Level Control. J. W. Holland, 
L. D. Stevens, and N. R. Arterburn. (Proc. Ann. Conv. 
Amer. Electroplaters’ Soc., 1955, 142-145; discussion 237). 
Floatless controls for solution level in plating tanks are 
described.— a. D. H. 

Bumper Guards. M. Weinberg and A. Lake. (Proc. Ann. 
Conv. Amer. Electroplaters’ Soc., 1955, 170-173). Methods of 
polishing and plating of over-riders are briefly described. 

Treatment of Certain Plating Solutions by Ion Exchange. 
E. B. Tooper. (Proc. Ann. Conv. Amer. Electroplaters’ Soc., 
1955, 146-150). Purification of plating solutions containing 
chromium and cyanide by the use of ion exchange resins is 
described.—a. D. H. 

Analysis of Electrolytic e by the Potentiometric Method 
with the Use of Trilone B. L. Ya. Polyak. (Zavodskaya 
Laboratoriya, 1955, 21, (11), 1300-1301). (In sasdent. The 
rapid potentiometric determination of nickel, copper, zinc, 
and cadmium in plating baths is described.—-s. k. 

Water Purification with Activated Carbons. W. A. Helbig. 
(Plating, 1955, 42, Aug., 1044-1045). The application to 
electroplating is discussed.—a. D. H. 

The Effect of Different Chromium Deposits on the Fatigue 
Strength of Hardened Steel. J. E. Stareck, E. J. Seyb, and 
A. C. Tulumello. (Proc. Ann. Conv. Amer. Electroplaters’ Soc., 
1955, 129-136; discussion 243-244). The effect of five 
different methods of chromium plating on the fatigue strength 
of oil quenched and tempered 8.A.E. 4140 (C 0-4%, Mn 
0-9%, Cr 1%, Mo 0-1-0-2%) was studied. The stress in the 
deposit is shown to be related to the reduction in fatigue 
limit. The effect of stress relieving treatments was investi- 
gated. Neither hydrogen embrittlement of the basis metal nor 
hairline cracks formed during plating are considered to 
affect fatigue life in this connexion.—A. D. H. 

Recent Developments in Chromium Diffusion. R. L. 
Samuel, N. A. Leckington, and H. Dorner. (Metal Treatment 
and Drop Forg., 1955, 22, June, 233-236; July, 288-292, 287; 
Aug., 336-340). Practical aspects of the D.A.L. chromium 
diffusion process are dealt with. The first part of the article 
describes how the conditions of processing have to be chosen 
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according to the steel composition and the type of coating 
desired. The nature of the coating is discussed in the second 
part, and mechanical properties of carbon and low alloy 
steels after chromizing are given. Finally the corrosion, heat, 
and wear resistance of chromized steels are discussed and 
some applications of chromized components are given. (12 
references).—P. M. C. 

High Speed Nickel Plating Process. (Precision Met. Mold., 
1956, 14, March, 51). Brief details are given of the Levelume 
high speed nickel plating technique developed by Hanson—Van 
Vinkle—Munning Co. Organic contaminants are continuously 
removed by an activated carbon pack in the plating solution 
filter, the use of this type of pack being permitted by a special 
plating solution addition agent.—p. H. 

A New High-Productivity Barrel-Plating Line at the Ayles- 
bury Works of the Bifurcated and Tubular Rivet Co., Ltd. 
(Metal Finishing J., 1955, 1, Oct., 425-433, 446). A detailed 
description of the plant, and operating conditions are given for 
a new plant using horizontal, completely immersed barrels. 
Bright nickel and cyanide solutions are used.—a. D. H. 

Electroless Plating in Production. T. A. Dickinson. (Metal 
Treating, 1955, 6, Sept.-Oct., 22, 24, 26-27). An account of 
chemical depositing methods for nickel is given, with some 
account of the thickness and resistance to corrosion of the 
coatings produced. 

Diffused Nickel-Cadmium as a Corrosion Preventive Plate 
for Jet Engine Parts. R. W. Moeller and W. A. Snell. (Proc. 
Ann. Conv. Amer. Electroplaters’ Soc., 1955, 189-192; discus- 
sion 239-241). The electrodeposition of a coating of 0-0003 
in. Ni and 0-0001 in. Cd which were heated at 630° F to 
promote diffusion is shown to give corrosion protection to 
low alloy steel parts operating at 1000° F.—a. p. H. 

Energy Relations in Chemical Baths for Surface Treatment of 
Metals. G. W. Mazurzak. (Draht, German ed., 1955, 6, July, 
278-282). Sample calculations are given for the estimation of 
energy inputs for a nickel plating bath.—s. a. w. 

Some Aspects of the Properties and Uses of Electrolytically 
Coated Sheet Steel. F. H. Smith and T. C. Tapp. (Sheet 
Metal Ind., 1956, 38, Feb., 99-106, 113). Tin and zine coating 
are described; forming, welding, soldering, and painting are 
mentioned and corrosion tests are illustrated. 

Attack by Iron-Saturated Zinc Melts on Iron Containing 
Carbon. D. Horstmann. (Arch. Eisenhtittenwesen, 1956, 27, 
Feb., 85-93). The author deals with the time and temperature 
dependence of the attack by iron-saturated zinc melts on iron 
with various carbon contents up to 2-08%. The effect of 
structural formation is discussed.—a. c. 

Electrodeposition of Tin and Tin Alloys. R. M. Angles. 
(Indust. Finishing, 1955, 9, Nov., 202-203, 206-212). A 
detailed account is given of the theory and practice of the 
electrodeposition of tin and its alloys with copper, zinc, 
nickel, lead, and cadmium respectively.—aA. D. H. 

Chemical Protective Treatment for Tinplate. E. S. Hedges. 
(Sheet Metal Ind., 1956, 88, Mar., 173-175, 178). A review of the 
development of the chromate process. 

Appraising the Quality of Tinplate. W. E. Hoare. (Sheet 
Metal Ind., 1956, 38, Apr., 239-242, 246). Testing for thick- 
ness, porosity, tin-iron alloy and corrosion resistance is 
described, and the hydrogen-rate test is mentioned. 

Bright Copper Plating. E. Lutter. (Metal Ind., 1956, 88, 
Apr. 6, 267-269; Apr., 13, 293-294). A general account of 
principles and processes is given, including pretreatment. 

The Measurement of Current Distribution in an Acid 
Copper Plating Solution. E. J. Wilhelm and R. F. Kayser. 
(Proc. Ann. Conv. Amer. Electroplaters’ Soc., 1955, 6-12). The 
behaviour of a small probe electrode was studied when used 
in a Hull cell. A simplified circuit was developed and used 
to measure the current density in a conventional acid copper 
plating bath.—a. D. H. 

Study of Copper Anodes in Acid and Cyanide Plating Baths. 
W. H. Safranek and C. L. Faust. (Proc. Ann. Conv. Amer. 
Electroplaters’ Soc., 1955, 193-201; discussion 246-247). 
O.F.H.C. cast anodes are compared with those of electrolytic 
copper in laboratory and pilot plant studies using several 
types of plating bath.—a. D. H. 

Growth Layers in the Reaction of Solid Iron with Aluminium 
and Aluminium Alloy Melts. G. Giirtler and K. Sagel. (Z. 
Metallkunde, 1955, 46, Oct., 738-741). An investigation has 
been made of the constitution of the aluminized layer formed 
in the “Al-Fin”’ process. Using pure Al or Al-Zn alloys, the 
layer consisted of the crystal type Al,Fe,, irrespective of the 
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temperature of the dip bath. With Zn contents of up to 9%, 
and temperatures not exceeding 800° C, the transition layer 
is also mainly the n-phase. Above 6% Zn it is recommended 
that the temperature should not be allowed to exceed 730°C, 
as the Al,Fe phase is much less unfavourable than the 7- 
phase, leading to more severe attack in the iron, and to the 
formation of a heavy porous layer. The 7-phase is also 
formed after each heat treatment. Si additions have a 
favourable effect.—t. D. H. 

Yellow Brass Plating. E. J. Roehl, E. B. Michel, and L. R. 
Westbrook. (Proc. Ann. Conv. Amer. Electroplaters’ Soc., 
1955, 3-5).—A. D. H. 

Metal Coatings, Molybdenum. D. Price. (Indust. Eng. Chem., 
1955, 47, Aug. 1511-1513). A review, mainly of patents, o 
molybdenum coatings and molybdenum-accelerated surface 
treatments. Phosphate coatings are described. 

Electrodeposition of Rhodium. E. A. Parker. (Proc. Ann. 
Conv. Amer. a Soc., 1955, 174-184).—a. D. H. 

Airless Spray Plating. J. A. Bede. (Proc. Ann. Conv. Amer. 
Electroplaters’ Soc., 1955, 151-154; discussion 244-245). 

Hard-Facing Equipment. The Dewrance T.L.B. Powder 
Deposition Process. (Automobile Eng., 1955, 45, Oct., 435, 
436). In this new process the hard alloy in finely powdered 
form is fed into the gas stream passing through a conventional 
welding torch, and is delivered molten at the welding tip. 
Deposition is much smoother than is possible with the con- 
ventional filler rod method. Details of the equipment and 
available hard facing alloys are given.—P. M. C. 

Developments in Preparatory Treatments. II. Chemical: 
(b) Conversion Coatings. (Corrosion Prevention and Control, 
1955, 2, Nov., 39-43, 56). The phosphate and chromate 
treatments are discussed in terms of the techniques and 
equipment, their limitations, specifications, test requirements, 
ete. (10 references).—L. E. W. 

Phosphate Coating of Metal Surfaces for Industrial Use. W. 
R. Cavanagh and R. C. Gibson. (Plating, 1955, 42, June, 
742-748). An account is given of the theory of the phosphat- 
ing of steel surfaces and of the application of the process. 


The Analysis of Phosphating Preparations Used for the 
Protection of Steel Surfaces. G. H. Bush, D. G. Higgs, and 
F. W. Box. (Analyst, 1955, 80, Dec., 885-896). The determina- 
tion of major and minor constituents in solid and liquid 
manganese and zine phosphating preparations used for steel 
protection is described. The results of testing the methods 
with solutions of known composition are given.—t. E. D. 

Electrostatic Coating. E. P. Miller. (Iron Steel Eng., 1956, 
38, April, 113-116). Various applications of electrostatic 
coatings are described notably the deposition of thin uniform 
films at high speeds on electrostatic tinning lines, the coating 
of pipes and the application of chemical inhibitors to hot 
dip galvanized strip at rates up to 300 ft per min.—-m. D. J. B. 


Tentative Recommended Specifications and Practices for 
Coal Tar Coatings for Underground Use. N.A.C.E. Technical 
Unit Committee T-2G on Coal Tar Coatings for Underground 
Use. (Corrosion, 1956, 12, Jan., 75-76). The recommendations 
for a code of practice for selection and use of coal tar coatings 
given constitute the first part of projected recommendations 
on the mimimum requirements for the protection of buried 
pipe lines.—2J. F. s. 

Organic Coatings for Electroplaters. W. R. Fuller. (Proc. 
Ann. Conv. Amer. Electroplaters’ Soc., 1955, 119-120). The 
properties and forinulation of clear and coloured transparent 
finishes for chromium-plated and other metals are discussed. 

Strippable Stop-Off Coatings. M. C. Bryant. (Proc. Ann. 
Conv. Amer. Electroplaters’ Soc., 1955, 113-114)—a. D. H. 

Fuel Economy in Stoving Operations. F. D. Johnson. 
(Product Finishing. 1956, 9, Feb., 54-60). Methods of 
control of fuel consumption and of rate of air flow in low- 
temperature ovens are described. 

An Examination of Fusion-welding Processes Suitable for 
Vitreous Enamelling. B. Trehearne. (Sheet Metai Ind., 1955, 
82, May, 361-362). An examination of the defects in vitreous- 
enamelled coatings on welded steel, indicates that they may 
be attributed to two main causes—weld porosity and poor 
wetting by the enamel, probably due to foreign matter. The 
two most suitable fusion-welding processes are oxyacetylene 
and atomic-hydrogen welding.—a. H. M. 

The Development of an Insulating Enamel. M. J. Conway, 
Jun. (Amer. Ceram. Soc. Bull., 1956, 35, Jan., 6-10). A 
glass-bonded vermiculite enamel was developed, which gives 
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insulating and sound-absorbing properties to metal. Further 
work is required before industrial application is possible. 

Calcium Plumbate—A Post-War Development in Anti- 
Corrosive Paint Pigments. N. J. Read. (Corrosion Techn., 
1956, 8, April, 119-123). The author discusses the protection 
afforded by calcium plumbate and shows how, like red lead, 
it provides protection by a combination of basic and oxidizing 
characteristics, as well as film-forming properties by interac- 
tion with linseed oil. It is believed to pacify both cathodic 
and anodic areas on iron and steel, and in this respect differs 
from other rust-inhibitive pigments.—t. E. w. 


POWDER METALLURGY 


Powder Metallurgy Nomenclature. (Precision Met. Mold., 
1956, 14, Apr., 75-76). Some 110 definitions are given of 
common terms used in powder metallurgy.—p. H. 

Interaction Between Metals and Atmospheres During 
Sintering. J. T. Norton. (Trans. Amer. Inst. Min. Met. 
Eng., }956, 206; J. Met., 1956, 8, Jan., Section 1, 49-53). The 
various types of interaction between powder metal compacts 
and atmosphere in sintering are discussed. Particular atten- 
tion is given to the exchange of chemical elements occurring 
in adsorption, evaporation, dissociation of metal compounds, 
reduction and carburization. The property of surface tension 
and the activation of sintering are also considered.—c. F. 

Density Distribution in Metal Powder Compacts. G. C. 
Kuczynski and I. Zaplatynskyj. (Trans. Amer. Inst. Min. 
Met. Eng., 1956, 206; J. Met., 1956, 8, Feb., Section 2, 215). 
description is given of a method of determining density 
distribution in green metal powder compacts which is far 
simpler and quicker than the lead-grid method, but equal in 
accuracy and requiring only standard laboratory equipment. 

Iron Powder Metallurgy in Europe—Present and Future. 
S. I. Hultén. (Proc. Eleventh Ann. Meeting, Metal Powder 
Ass., 1955, 1, May, 67-101). European sources of iron powder 
are described, and statistics are given of production and 
consumption. Analyses and properties are listed for some 
important powders, and properties of some sintered products 
are given. Common practices in powder treatment and sinter- 
ing are described, with special reference to pressing and tooling, 
and the materials used. Possible future developments are 
briefly outlined. An appendix gives the names of manu- 
facturers of powder-metal parts in Europe, by country, and 
brief details of the parts made. (10 references).—k. E. J. 

Sintering of Iron Powders in Europe. S. I. Hulthen. (Met. 
Ital., 1955, 47, Dec. (Special No.) 53-66). [In Italian]. The 
author reviews the development of sintered iron powders in 
Europe. Iron powder consumption figures used in welding 
electrodes, flame cutting, scarfing, and in the chemical 
industry are given. Powders used in powder metallurgy are 
discussed and reference is made to their treatment, machining 
and sintering. Market prospects are examined. (7 references). 

Iron Powder Parts Improved by Heat Treatment. F. L. 
Spangler. (Mat. Methods, 1955, 42, Dec., 102-104). The 
applications of steam atmosphere treatment and controlled 
atmosphere carburizing to sintered iron powder parts are 
described. The former increases hardness, compressive 
strength, and corrosion resistance, improves wear resistance 
and imparts a uniform and decorative blue-black finish. 
Carburizing increases strength and hardness. Both treat- 
ments have been incorporated into production lines, and the 
equipment and applications to aircraft, instrument, and other 
small parts are described.—P. M. c. 

The Effect of Copper Additions on Iron Powder. P. U. 
Gummeson and L. Forss. (Proc. Eleventh Ann. Meeting, 
Metal Powder Ass., 1955, 1, May, 56-64). The factors in- 
fluencing dimensional changes of sintered iron—copper com- 
positions are reviewed, and results of practical tests are 
reported. Factors causing growth and shrinkage are regarded 
separately, and theoretical approaches are suggested. The 
ease of copper additions below the solubility limit is considered 
specially; dimensional changes are closely related to particle 
characteristics and the duration of the liquid phase. (13 
references).—kK. E. J. 

Finishing and Plating of Metal Powder Parts. ©. ©. Cohn. 
(Proc. Eleventh Ann. Meeting, Metal Powder Ass., 1955, 1, 
May, 6-11). Some degree of corrosion protection can be 
given to sintered parts by impregnation with a thermosetting 
resin, and such treatment also provides a basis for plating or 
other finishing procedures normally used with massive metals. 
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Some details are given of appropriate coatings for various 
metals, including iron.—k. FE. J. 

Manufacture of Electric Contact Alloys and Sintered Iron 
Bearings. E. E. Rooste. (Australian Inst. Metals: Australa- 
sian Eng., 1955, Nov. 7, 538-55). The manufacture of tungsten 
copper and molybdenum-silver alloys by the infiltration 
process is described, together with the sintering process for 
iron bearings. The mechanical properties of sintered bearing 
metals containing appreciable iron are tabulated.—p. M. ©. 

The Use of Sintered Materials in the Motor Car Industry. 
E. 8S. Sgambetterra. (Met. Ital., 1955, 47, Dec. (Special No.) 
27-31). [In Italian]. A brief review is given of the latest 
sintering techniques and installations. The special physical 
and mechanical properties of sintered materials not obtain- 
able by other means are discussed. The commercial aspects 
of these products are examined in relation to the motor car 
industry.—M. D. J. B. 

Fabrication of Air-Cooled Turbine Blades by Powder 
Metallurgy. R. W. A. Buswell. (Metal Treatment and Drop 
Forg., 1955, 22, Aug., 325-328). A detailed description is 
given of a method for making gas-turbine rotor blades and 
nozzle vanes with a multiplicity of small diameter air-cooling 
holes extending through their entire length. The holes are 
made by incorporating cadmium wires into the components 
during powder pressing, and then removing the cadmium by 
volatilization before final sintering.—P. M. c. 

Some Electric Sintering Furnaces. 0. Dorigo. (Met. Ital., 
1955, 47, Dec. (Special No.) 23-25). [In Italian]. The author 
describes briefly a number of electric sintering furnaces which 
he has seen in operation in Austria, Switzerland, Germany, 
the U.K., and France. The furnaces are considered by uses, 
namely: furnaces for refractory materials (tungsten and 
molybdenum), hard alloys (tungsten-carbides), iron sintering, 
and bronze sintering. Brief reference is made to controlled 
atmospheres.—M. D. J. B. 


FERRITES, CERMETS, AND CARBIDES 


High-Resistivity Nickel Ferrites—the Effect of Minor 
Additions of Manganese or Cobalt. |. G. Van Uitert. (J. 
Chem. Phys., 1956, 24, Feb., 306-310). The resistivities are 
greatly increased by such additions. The mechanism is not 
yet clear. 

The Preparation of Alkali Ferrites, Nickelites, and Cobaltites 
by Electrolyses of Melts. M. Dodero and C. Déportes. (Compt. 
Rend. 1956, 242, Jun. 18, 2939-2941). Electrolysis of caustic 
soda melts with iron, nickel, or cobalt electrodes in alumina 
crucibles is described. Potassium and lithium hydroxide 
melts yield corresponding compounds at the anode. 

Temperature Behaviour of Ferrimagnetic Resonance in 
Ferrites Located in Wave Guide. B. J. Duncan and L. Swern. 
(J. Appl. Phys. 1956, 27, Mar., 209-215). The resonance 
line width and the apparent gyromagnetic ratio of two types 
of ferrite were found to change with temperature increase 
from 25° C to the Curie Point. The theories of Wangsness and 
Kittel were used to interpret the observed effects and these 
were shown to influence the temperature behaviour of the 
microwave properties away from resonance.—E. E. W. 

Broad-Band Nonreciprocal Phase Shifts—Analysis of Two 
Ferrite Slabs in Rectangular Guide. %. Weisbaum and H. 
Boyet. (J. Appl. Phys., 1956, 27, May, 519-524). A com- 
pensation technique for broad-banding differential phase 
shift in ferrite loaded guides is discussed. The basis of the 
technique is demonstrated first by describing a thin slab 
case. A scaling principle indicates how this may be extended 
to other examples.—kr. E. w. 

Frequency Doubling in Ferrites. W. P. Ayres, P. H. Var- 
tanian, and J. L. Melchor. (J. Appl. Phys. 1956, 27, Feb., 
188-189). A torque equation for the motion of the magnetiza- 
tion in a magnetized ferrite yields a component along the 
direction of the applied &eld. A mathe.natical explanation is 
given which provides reasonabie agreement between theory 
and experiment.—E. E. W. 

Cermets: 1. Fundamental Concepts Related to Micro- 
structure and Physical Properties of Cermet Systems. M. 
Humenik, Jun. and N. M. Parikh. (J. Amer. Ceram. Soc., 1956, 
39, Feb., 60-63). The microstructure of tungsten carbide 
and titanium carbide base cermets is evaluated on the basis of 
wettability of the carbide phase. Improvement in the 
wettability of the nickel-titanium carbide systems by the 
addition of molybdenum was found to promote the dispersion 
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of the carbide phase and to lead to improved hardness and 
impact resistance.—D. L. C. P. 

The Structure of Carbide Phases in Vanadium. M. A. 
Gurevich and B. F. Ormont. (Doklady Akad. Nauk S.S.S.R., 
1954, 96, (6), 1165-1168). Chemical and X-ray studies are 
described on the a, y, o, and e phases. 

Separation of the Double Carbides of Iron and Tungsten 
from Chromium Carbides. N. M. Popova and K. P. Sorokina. 
(Zavodskaya Laboratoriya, 1955, 21, (5), 527). [In Russian]. 
The preliminary separation of carbides before their X-ray 
identification in the analysis of chromium—nickel—tungsten 
steel is considered with special reference to the double car- 
bides of iron and tungsten and those of chromium. In the 
method proposed this is accomplished by boiling the carbide 
residue in alcoholic solutions of hydrogen chloride, the 
chromium carbides being more easily soluble. Results obtained 
for a high alloy chromium-nickel (20/20) steel with 10% 
tungsten showed good separation for samples tempered at 
800-900° C, but additional treatment would be required for 
tempering temperatures of 1000—1100° C.—s, K. 


PROPERTIES AND TESTS 


Metal Physics. Study of Atomic and Mechanical Properties 
of Alloys. A. Roos. (Génie Civil, 1955, 182, May 1, 169-173). 
An account of the Bloch and Brillouin theory, with discussion 
of the atomics of crystal structure and with elementary 
accounts of plasticity and glide and thermal agitation effects. 

Interatomic Bond Strength and Static Distortions in Alloyed 
Ferrite Crystals. V. A. Il’ina and V. K. Kritskaya. (Doklady 
Akad. Nauk. S.S.S.R., 1955, 100, 69-71). An X-ray study of 
the effects of V, Mn, Co, Nb, and Mo is described. 

Recent Development in the Study of Iron and Steel in Japan. 
T. Mishima. (Tetsu to Hagane, 1955, 41, July, 695-701). [In 
Japanese]. Development during 1946-55, are surveyed, 
under the headings: iron making (use of semi-caking coal, 
desulphurization, elimination of .Cu from pyrites cinder, 
pelletizing, utilization of low-grade materials, etc.), heat 
treatment (S curves, repeated tempering, sub-zero treatment, 
and stepped quenching), physical chemistry (activity measure- 
ments, equilibria, etc.), and miscellaneous (B steels, O, in 
steel-making, vacuum melting, etc.).—K. E. J. 

Laboratory Tests for Predicting the Behaviour of Metals. 
C. E. Homer. (J. B. Met. Soc., 1955, 35, Dec., 304-321). 
An address. Imitative tests are considered generally and then 
cracking under repeated heating on cooling, hot-cracking in 
welding and casting, cold and hot workability, and true 
tensile stress-strain curves are dealt with in greater detail. 

The Use of Control Equipment in the Process Industries. 
(Report of a conference). Introduction. J. A. Oriel. (Z'rans. 
Inst. Chem. Eng., 1955, 38, 155-6). Fundamentals of Auto- 
matic Process Control. R. 8. Medlock. (Ibid., 157-167). A 
non-mathematical approach. The Dynamics of Process Plant. 
J. McMillan. (Ibid., 168-176). Frequency-response analysis is 
described in relation to controllability. Automatic Control in 
the Steel Industry. B. O. Smith. (Ibid., 195-198). The open- 
hearth and mill reheating furnaces are taken as examples and 
control systems indicated. 

In-Tolerance—Some Reflections on Present Anomalies in 
Specifications. G. G. Hoare. (Sheet Metal Ind., 1955, 32, 
May, 325-329, 338). The author quotes faults and short- 
comings in some standard specifications and suggest certain 
improvements and revisions. Examples include “error of 
straightness at various lengths”, B.S.1. Temper Specification 
and some private specifications. The paper is followed by 
a discussion.—A. H. M. 

Elastic After-effect in a-Iron in Relation to the Elastic 
Constants of Cubic Metals. J. Smit and H. G. van Bueren 
(Philips Res. Rep., 1954, 9, Dec., 460-468). A theory is 
developed which renders possible an estimate of the after- 
effect in polycrystalline materials based on change of elastic 
moduli. 

Measurement of Elastic Constants by means of Vibrations in 
Beams. H. Weibull. (Stat. Provn. Medd., 1955, 118, pp. 8). 
Experiments on concrete are described showing changes 
during drying. 

Generalized Framing of the Elastic and Mechanical Proper- 
ties of Grey Cast Irons Beginning with the Nodular Irons. 
R. de Fleury. (Fonderie, 1955, Dec., 4817-4820). An attempt 
is made to calculate the elastic modulus and hardness of 
grey cast irons using the general formula for the behaviour 
of materials of different properties.—B. C. w. 
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Deformation of Plastic Metals in the Tensile and Hardness 
Tests. W. Truszkowski. (Bull. Acad. Polonaise Sci., 1955, 
3, No. 2, 93-97). The tests are compared on the basis of a 
theoretical equation, which is derived, and results for a range 
of annealed carbon steels are given. 

An Analysis of Plastic Behaviour of Metals with Bonded 
Birefringent Plastic. J. D’Agostino, D. C. Drucker, C. K. 
Liu, and C. Mylonas. (Proc. Soc. Exper. Stress Anal., 1955, 
12, No. 2, 115-122). Sheets of photoelastic material were 
bonded to metal parts to provide means of measuring the 
plastic strains in the surface of the metal. Two procedures 
were used and are described. In one the assembly of metal and 
plastic was heated to obtain low modulus and linear response 
from the plastic as in the freezing method of photoelasticity. 
In the other, the plastic chosen was of the flexible type so that 
it could follow the large strains at room temperature. Tech- 
niques of casting on and bonding the plastic to the metal 
with adhesive were explored. The high temperature procedure 
was successful, but a plastic suitable fcr the room temperature 
method has not yet been found. (6 references).—pP. M. Cc. 

Interaction Between Dislocations and Interstitial Atoms in 
Body Centred Cubic Metals. A. W. Cochardt, G. Schoek, and 
H. Wiedersich. (Acta Met., 1955, 3, Nov., 533-537). A more 
detailed analysis of the dislocation theory of the yield point is 
made. It is concluded that the carbon atoms occupy pre- 
ferentially three equivalent positions, 120° apart around a 
screw dislocation whose energy is thus reduced by 20%. 

Photoelastic Stress Analysis for an Edge Crack in a Tensile 
Field. D. Post. (Proc. Soc. Exper. Stress Anal., 1954, 12, 
No. 1, 99-116). A complete experimental solution is given 
for a stationary edge crack. A powerful but simple inter- 
ferometric isopachic technique is described and used; the 
experimental results are correlated with a mathematical 
solution for an internal crack and with an experimental 
solution for a relatively large edge groove. In addition, 
isochromatic fringe patterns around a rapidly propagating 
edge crack are presented, and a theory of advanced nucleation 
of fracture is discussed. (14 references).—P. M. C. 

A Piezoelectric Strain Gauge. E. A. Ripperger. (Proc. 
Soc. Exper. Stress Anal., 1954, 12, No. 1, 117-124). Gauges 
consisting of thin wafers of barium titanate ceramic, in 
which piezoelectric properties are induced by a polarizing 
process, are described. Such gauges have a sensitivity 500 
or more times as great as that of wire resistance strain gauges, 
and are especially suitable for measuring small strains of 
short duration. Gauge details, operating conditions, bond- 
ing, circuitry, and calibration are described. (10 references). 


On the Large Rotating-bending Fatigue Testing Machine 
and the Experimental Results. K. Nagashima, N. Oda, 
T. Nonaka, E. Funaki and K. Nishioka. (Sumitomo Metals, 
1955, 7, July, 123-136). [In Japanese]. Details are given 
of a machine of the Moore type designed to investigate the 
effect of size of specimen on fatigue results. The fatigue limit 
of unnotched 70-mm diam. specimens is ~ 6% less than that 
of 8-mm specimens. Larger temperature rises are found with 
larger specimens. In large, as opposed to small, specimens, 
fatigue fracture may commence at several points. (18 
references).—K. E. J. 

Stress Concentration in the History of Strength of Materials. 
8S. Timoshenko. (The 1953 William M. Murray Lecture: 
Proc. Soc. Exper. Stress Anal.,1954, 12, No. 1, 1-12). A brief 
historical review is presented of stress concentration prob- 
lems ; it is shown that great progress in this field was made 
by using both theoretical and experimental methods of 
approach. Research work on stress concentrations is shown 
to have had a great influence on the developments of new 
methods of attacking elasticity problems. (34 references). 

Metallographic Investigation of Strain Phenomena on the 
Surfaces of St 37 Specimens under Cyclic Bending. I. Wever, 
M. Hempel and A. Schrader. (Arch. Hisenhiittenwesen, 
1955, 26, Dec., 739-754.) Tests were made on flat test pieces 
with and without transverse drilling. The surface structures 
were microscopically examined to determine the effects of 
stress and its duration. Inferences were drawn from these 
investigations and others under the electron microscope. 

Applications of Experimental Stress Analysis to Torsion 
Research. C. E. Work and T. J. Dolan. (Proc. Soc. Exper. 
Stress Anal., 1954, 12, No. 1, 79-90). The paper 
describes electrical, optical and mechanical equipment 
developed for an experimental study of the influence of strain- 
rate and temperature on the properties of metals in torsion. 
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Pure torsional loads were applied to specimens at rates of 
shearing strain in the range 0-0001 to 12-5 in. per in. per 
second at temperatures from room to 1200° F. The twisting 
moment, angle of twist and time were continually recorded. 
The actual results are with the USAF and are not yet avail- 
able for publication.—p. m. c. 

Studies on the Breaking Strength of Metals. I. Phases of 
Impact Resistance. Y. Asakawa. (Nippon Kinzoku Gakkai- 
Si, 1954, 18, May, 261-265). [In Japanese]. Test-pieces of 
steel and brass were subjected to impact test without rupture, 
and then broken by Charpy machine. The relationship 
between breaking energy and the angle of bend was always 
linear. New theories, based on this result, are put forward 
to define breaking strength in rupture by bending and tension. 
(16 references).—k. E. J. 

Ballast Circuit Design. R. ©. Goldmacher. (Proc. Soc. 
Exper. Stress Anal., 1954, 12, No. 1, 27-32). In order to 
measure the rapid ehanges in ERS gauge resistance during 
impact testing, attention has recently been given to the direct 
current unbalance circuit (ballast or potentiometer circuit) 
used in conjunction with a cathode ray oscillograph. The 
paper gives a qualitative description of the operation of such 
a circuit, and an analysis of the effects of certain parameters 
on its accuracy and sensitivity.—pP. M. c. 

Dislocations in Metal Crystals and their Influence on Me- 
chanical Properties. R. Pankowski-Fern. (Recueil de Con- 
ferences et de Travaux d’Information, Centre National de 
Recherches Metallurgiques, No. 5, 1-15). After examination 
of the dislocation theory, its application to strain hardening 
and accelerated ageing phenomena is studied.—?. E. D. 

The Deformation of Steel under the Influence of Internal 
Blisters and Cracks Produced by Cathodic Hydrogen. M. 
Smiatowski and J. Foryst. (Bull. Acad. Polonaise Sci., 1954, 
2, No. 7, 349-353). Observations were made on ring speci- 
mens cut from cold-rolled tubes. The results agree with 
those on fine wires. 

Stress Probing—A Rapid Method for Stress-Surveying. 
N. Ross and P. H. R. Lane (Proc. Soc. Exper. Stress Anal., 
1955, 12, No. 2, 1-8). A simple and rapid method of deter- 
mining the stresses in structural members or pressure vessels 
which can be subjected to cyclic loading is described. It 
involves the use of a mechanical extensometer which is 
commercially available. The accuracy of the method is 
confirmed by comparison with results obtained using con- 
ventional ERS gauge techniques. (6 references).—P. M. C. 


Residual Stresses in a Strip in Terms of Strain Changes 
during Electropolishing. D. ©. Leeser and R. A. Daane. 
(Proc. Soc. Exper. Stress Anal., 1954, 12, No. 1, 203-208). 
The derivation of some methods of determining residual 
stresses in a strip of rectangular cross section, in terms of 
strain changes measured by ERS gauges during electro- 
polishing is described. (3 references).—P. M. Cc. 

A Method of Deriving Residual Stress Equations. J. W. 
Lambert. (Proc. Soc. Exper. Stress Anal., 1954, 12, No. 1, 
91-96). A new method of deriving equations relating the 
distribution of residual stress to the strains measured during 
removal of successive layers of material is presented. The 
method is used to derive Sachs’ equations for polar symmetric 
stresses in circular bars, and also the relation between anti- 
symmetric stresses (left by plastic bending) in round bars and 
surface strains measured while removing successive con- 
centric circular layers from the inside. In the antisymmetric 
case a Volterra integral equation is obtained, for which 
methods of solution are discussed. The method can be 
generalised to deal with any prismatical bar. (5 references). 

Entropy and Strain Hardening. F. X. Eder. (Arbeitsta- 
gung Festkérperphysik II, 1955, Leipzig, 41-44). A dis- 
cussion on the basis of the Frank—Read model. 

Contribution to the Theory of Strain Hardening. P. 
Taubert. (Arbeitstagung Festkérperphysik II, 1955, Leipzig, 
45-58). The discussion leads to the conclusions that de- 
formation is facilitated by the Frank—Read mechanism. A 
zone of strain is set up which renders difficult the formation 
of new ring dislocations. These spread outwards by an 
increase in the strain required for their formation, and are the 
cause of the strain hardening in hexagonal crystals especially 
in pure materials, only one glide plane being involved. The 
process spreads to other Frank—Read sources on other glide 
planes, and the process is cumulative till reciprocal action, as 
defined by Mott, becomes apparent. 

High-Speed Universal Fatigue Testing Machine. Verifica- 
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tion of Statically Calibrated Mechanical-Optical Dynamo- 
meter. M. Russenberger and G. Féldes. (Proc. Soc. Exper. 
Stress Anal., 1955, 12, No. 2, 9-20). A fatigue testing machine 
with a load capacity of 10 tons, the Amsler High Frequency 
Vibrophone, is described in some detail. The dynamometer 
and load indicator, which is of the mechanical-optical type, 
is also described, and the permissibility of static calibration 
is substantiated by tests with ERS gauges. (9 references). 


Machine for Fatigue Testing with a Polyharmonic Form of 
the Stress-Change Cycle. M. E. Garf. (Zavodskaya Labora- 
toriya, 1955, 21, (2), 235-239). [In Russian]. A new design 
of fatigue-testing machine in which torsional stresses can be 
included with a polyharmonic stress-change cycle is described. 
The design secures great stability in the amplitude and form 
of the stress curves. The test-piece and a dynamometer are 
fixed so that the loading of the whole system can be deter- 
mined statically and the loads can be measured with sufficient 
accuracy. The stress cycle can be varied over a wide range, 
but in torsional tests the frequency cannot exceed 3500 
cycles/min.—s. K. 

Further Notes on Automatic Control as Applied to Fatigue 
Test Equipment. T. A. Hewson. (Proc. Soc. Exper. Stress 
Anal., 1954, 12, No. 1, 215-226). A control system is de- 
scribed which controls test amplitude mechanically on a 
resonance fatigue testing machine designed to apply a 
dynamic reversed plain bending load to a large diesel engine 
crankshaft. Another control system is described which 
monitors and corrects the operation of a pulsating hydraulic 
fatigue machine. See also Proc. Soc. Exper. Stress Anal., 
1954, 12, No. 1, 209-214.—p. m. c. 

An Automatic Load Control for Fatigue Test Equipment. 
E. K. Benda and R. A. Gallant. (Proc. Soc. Exper. Stress 
Anal., 1954, 12, No. 1, 209-214). The desirability of load 
control, rather than amplitude control, on a tuning-fork type 
of fatigue machine is discussed. A method of control em- 
ploying ERS gauges attached to one of the tines of the fork 
is described. Details of the circuitry, servo loop operation, 
and calibration of the equipment are given. See also Proc. 
Soc. Exper. Stress Anal., 1954, 12, No. 1, 215-226. (3 refer- 
ences).—P. M. C. 

Method for the Determination of Corrosion-Fatigue Strength. 
L. A. Glikman and L. A. Suprun. (Zavodskaya Labora- 
toriya, 1955, 21, (4), 464-466). [In Russian]. The adapta- 
tion of a fatigue-testing machine for corrosion-fatigue tests 
with the test-piece completely immersed in the liquid is 
described. Results obtained for a steel and a cast iron in 
various liquids are presented.—s. K. 

A Study of the Effect of Induction Hardening on Fatigue 
Strength. H. Nakamura and K. Mizuma. (Nippon Kinzoku 
Gakkai-Si, 1954, 18, Feb., 87-91). [In Japanese]. Induction 
hardening, and to a lesser degree flame-hardening, produces 
a marked increase in fatigue strength (particularly with 
notched parts), as compared with normal hardening. This is 
ascribed to toughening by rapid heating and to residual com- 
pressive stress at the surface.—k. E. J. 

Creep of Metal Crystals. T. Holth. (Proc. of the Inter- 
national Symposium on the Reactivity of Solids, Gothenburg 
1952, 1954, 909-911). [In English]. Observations of glide 
lines on single crystals specially grown with flat surfaces. 

Formation and Reduction of Residual Stresses in Metals by 
Plastic Deformation. H. Biihler. (Draht, German ed., 1955, 6, 
Sept., 355-359). Residual stresses caused by plastic deforma- 
tion are analysed according to whether the workpiece is 
deformed uniformly or not over the cross-sectional area. 
Examples include drawn, quenched, and welded bars and 
wires. The modification of residual stresses by stretching and 
skin passing is also discussed.—J. G. w. 

Devices for Measuring Transverse Deformations. A. S. 
Dvornichenko. (Zavodskaya Laboratoriya, 1955, 21, (4), 
483-485). [In Russian]. The general requirements of instru- 
ments for measuring transverse deformation are discussed and 
some existing Soviet and foreign types are described.—s. kK. 

Methods of Evaluating Plasticity and the Degree of Its 
Localization in Tensile Tests. G. I. Pogodin-Alekseev. 
(Zavodskaya Laboratoriya, 1955, 21, (11), 1365-1370). [In 
Russian]. Various characteristics of plasticity and of the 
extent to which plastic deformation is concentrated in tensile 
tests are examined with special attention to the latter. Five 
localization characteristics are proposed. Two are suitable for 
routine testing; the first representing the proportion of 
localized deformation in the total deformation, the second 
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the intensity of the maximal localized deformation compared 
to the mean relative elongation. The others, more suitable 
for research, represent the relative value of the localized 
deformation, its mean gradient of growth and the degree of 
sharpness of the deformation peak. Values of all the charac- 
teristics for a steel at — 196° to + 100° C are tabulated. 

The Mechanical Properties of Metals. I. The Tensile Pro- 
perties of Metals. H. Ford. (J. Roy. Soc. Arts., 1955, 108, 
Jun. 471-486). II. Creep. E. N. da C. Andrade. (Ibid., 
487-502). II. Fatigue. P. L. Teed. (Ibid., 503-524). The 
three Cantor Lectures. 

Tensile Tests on the Metal of Boilers and Vessels with the 
Aid of Ring Test-Pieces. T. A. Vladimirskii and N. V. Pashkov. 
(Zavodskaya Laboratoriya, 1955, 21, (11), 1371-1374). [In 
Russian]. The use of small ring-type test-pieces for tensile 
tests on sheet metal, particularly steels with 0-17—0- 23% C, is 
described. Two sizes of ring were used, 20 and 34mm in 
diameter and 8 and 16mm wide, respectively. The small 
amount of metal required facilitated repair after cutting out 
the test-piece from boilers, vessels, welded joints in pipes, etc. 
Results obtained with both ring-sizes and with standard 
flat test-pieces are compared and subjected to statistical 
analysis. This shows a strong correlation between the ring 
and flat test-piece results, regression lines for the relationship 
being calculated.—s. xk. 

The NACA Combined Load Testing Machine. R. W. Peters. 
(Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 181-198). 
A horizontal hydraulic testing machine is described capable of 
applying any of three loads and three movements simul- 
taneously. The design and use of the machine and some of 
the structural tests it has made possible are described. 

Improving the Design of an IM-12A Testing Machine. 
S. P. Lazarenko. (Zavodskaya Laboratoriya, 1955, 21, (12), 
1504-1505). [In Russian]. Modifications in the construction of 
a testing machine are described which enable tests of improved 
accuracy to be carried out on small test-pieces and on flat 
test-pieces requiring loads up to 12 tons.—-s. kK. 

Attachments to an IM-12A Machine for Making Short 
High-Temperature Tensile and Bending Tests on Metals. V. A. 
Kubasov. (Zavodskaya Laboratoriya, 1955, 21, (12), 1506— 
1507). [In Russian]. A tube furnace and bath for heating 
test-pieces during tensile and bending tests are described. 


The Value of the Notch Tensile Test. J. F. Baker and C. F. 
Tipper. (Inge. Mechanical Eng., 1955, Preprint, pp. 13). The 
test was deVeloped for investigation of brittleness in mild 
steel. Tests correlate with failures in practice and differ from 
Charpy V-notch and Izod results. 

Mechanical Strength of Thin Films of Metals. J. W. Beams, 
J. B. Breazeale, and W. L. Bart. (Phys. Rev., 1955, 100, 
Dec. 15, 1657-1661). Experimental details are given for 
determining the tensile strength and adhesion of silver 
films after electrodeposition on to complete cylindrical 
surfaces of small steel rotors.—k. E. w. 

On the Basic Yield Stress Curve for a Metal. A. B. Watts, 
and H. Ford. (Inst. Mechanical Eng., 1955, Preprint, pp. 11). 
Stress-strain curves are obtained for strip materials and 
correlated with simple tension and compression. The test 
ean be used for determining yield stress—compressive strain 
eurves in cold rolling. Anomalies are demonstrated in 
rolling thick materials. 

Stress Gradients in Grooved Bars and Shafts. M. M. Leven. 
(Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 207-213). Stress 
calculations based on Neuber’s equations are presented. 

Fracture Structure of Wide-Strip Steel M16C. V. A. Nikit- 
skaya. (Stal’, 1955, (10), 937-941). [In Russian]. The testing 
of a rolled low-carbon bridge steel is discussed and some 
anomalous results are considered. Detailed metallographic 
investigation of test-pieces whose fractures indicated defects 
showed that this was often misleading. Laminations and 
other fracture-defects were found to be due to external test 
conditions such as rate of loading, type of notch and orienta- 
tion of the test-piece with respect to the direction of rolling. 
Best conditions were maximal rates of dynamic fracture of 
the test-piece and sharp notches, the results also indicating 
tendency to cold brittleness. Transverse test-pieces are 
preferable.—s. kK. 

Fracture of Iron. (Nat. Phys. Lab. Report for 1955, 62-64). 
A brief account of the work done on the effect of added 
elements on high-purity iron. 

Study of Some Properties of Stresscoat. A. J. Durelli, S. 
Okubo, and R. H. Jacobson. (Proc. Soc. Exper. Stress Anal., 
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1955, 12, No. 2, 55-76). Further Studies of Properties of 
Stresscoat. A. J. Durelli, R. H. Jacobson, and S. Okubo. 
(Ibid, 1955, 18, No. 1, 35-58). Stresscoat is a brittle varnish 
used to observe stresses by the direction and number of 
cracks appearing in films applied to test pieces of metal. 
34 variables are considered in the two papers, 23 in the first. 
Methods of increasing the sensitivity and statistical analysis 
of the results are also discussed. A letter by E. C. Clark and 
discussion by F. B. Stern, Jun. are appended. 

Prediction of Brittle Coating Strain Sensitivity Based on a 
Statistical Regression Analysis. J. A. Dally and A. J. Durelli. 
(Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 169-180). A 
further discussion of stresscoat. See preceding abstract. 

Influence of Adsorbed Gases on the Mechanical Resistance 
of Wires. H. Forestier and A. Clauss. (Rev. Mét., 1955, 52, 
Dec., 961-964). Iron and other wires were tested for tensile 
properties in air, H,, Ne, A, CO,, and ethyl chloride and in 
vacuo. Relationship with gas adsorbed and its liquefaction 
temperature are given. 

Solution of Torsional Problems with the Aid of the Electrical 
Conducting Sheet Analogy. N. E. Friedmann, Y. Yamamoto, 
and D. Rosenthal. (Proc. Soc. Exper. Stress Anal., 1955, 18, 
Dec., 1-6). 

Practical Testing of the Quality of Spot Welds in Semi-hard 
Low-alloy Steels. P. Joumat. (Sheet Metal Ind., 1955, $2, 
Mar., 201-204). The article describes a new and simple 
torsion-shear test which has been developed to overcome 
some of the disadvantages of other methods. The criterion 
of the method consists in the examination of the fractures 
obtained.— a. H. M. 

Three Dimensional Photoelastic Analysis of Shafts in 
Pure Torsion and a Comparison with Results from Relaxation. 
R. C. Johnson. (Proc. Soc. Exper. Stress Anal., 1955, 18, 
Dec., 107-118). A presentation of photoelastic methods. 


Elimination of the Transient Strain Fluctuations which 
Result from Longitudinal Impact of Bars. J. M. Krafft. 
(Proc. Soc. Exper. Stress Anal., 1955, 12, No. 2, 173-180). 
Experiments are described which show that the longitudinal 
impact of two elastic bars produces a wave of constant strain 
plus a rapid strain fluctuation whose period is approximately 
the time which would be required for a longitudinal wave to 
traverse the bar diameter. The experimental equipment, 
which incorporates ERS gauges and oscillographic recording, 
is described. The characteristic strain fluctuation can be 
modified by the interposition of grease or solder between 
colliding surfaces. A slightly conical nose on one of the bars 
is also beneficial. (11 references).—P. M. c. 

The Mechanical Properties of Certain Steels as Indicated by 
Axial Dynamic Load Tests. R. C. Smith, T. E. Pardue, and 
I. Vigness. (Proc. Soc. Exper. Stress Anal., 1955, 18, Dec., 
183-197). The effect of strain rate on the shape of the stress— 
strain curves for hot- and cold-rolled low-carbon steel, ship 
plate, SAE 4140 and SAE 4340 has been measured. The time 
from initial load to yield was about 250 microseconds. 

Stresses in Projectiles during Penetration. J. I. Bluhm. 
(Proc. Soc. Exper. Stress Anal., 1955, 18, Dec., 167-182). 
Results are presented from a series of experiments in which a 
piece of “armour plate” was fired at a stationary projectile. 


Allowable Stresses for Thin Metal Structural Elements at 
Elevated Temperatures. E. A. Zeitlin. (Proc. Soc. Exper. 
Stress Anal., 1955, 12, No. 2, 29-44). Typical elastic constants 
at elevated temperatures are summarized for 18/8 stainless 
steel, Inconel X, and titanium curves showing the variation 
of several effective moduli with stress are given. Analysis 
charts relating plate dimensions and column slenderness ratio 
with typical allowable stresses in compression for the above 
and aluminium alloys at several temperatures are presented 
for the plastic and the elastic ranges. Results of a stress 
analysis and a static test at 850° F of a typical built up 
simply supported I beam of 18/8 sheet are given and dis- 
cussed. A comparison is made of the efficiency of 18/8 steel, 
Inconel X, and titanium at various temperatures and stresses. 
(14 references). Bibliography.—P. M. c. 

Hardening in Deep Drawing Tests. A. Krisch. (Arch. 
Hisenhiittenwesen, 1955, 26, Dec., 761-767). Hardness 
measurements were made on the diametrally sectioned faces 
of deep drawing specimens subjected to Erichsen and cup 
tests. Seven different types of plate were investigated. The 
results are compared with hardness measurements on tensile 
test specimens. The two deep drawing tests are discussed in 
the light of the work done. 
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Freezing Plus Working Strengthens Stainless. V. N. 
Krivobok and C. R. Mayne. (Metalworking Production, 
1955, 99, Dec. 30, 2231-2232). American research indicates 
that it is possible to carry out severe forming and bending 
operations at sub-zero temperatures that would cause crack- 
ing at room temperatures. The physical properties can be 
boosted in this way to make strong, lightweight products. 

Creep and Fracture of Metals at High Temperatures. A 
Symposium held at the N.P.L. May-June 1954. Published 
Oct., 1955., pp. 420. H.M. Stationery Office (30s.). Intro- 
duction. N. P. Allen, 1-18. A review of progress since the 
1946 conference, illustrated with graphs. A Discussion of 
Some Models of the Rate-determining Process in Creep. 
N. F. Mott, 21-24. Movement of dislocations, and the effects 
of jogs in screw dislocations are discussed. Mechanism of 
Grain Boundary Displacement and its Relation to the Creep 
Process as a Whole. F. N. Rhines, 47-57. Conclusions from 
work described elsewhere. Creep Processes. W. A. Wood, 
59-71. Effects of deformation are derived by comparison 
with standard tensile tests, and it is shown that new struc- 
tural features appear in creep. The extension at elevated 
temperatures shows two components: boundary flow and 
grain elongation. Interaction between Crystal Slip and Grain 
Boundary Sliding during Creep. D. McLean, 73-88. Work on 
aluminium and copper is outlined. Mechanisms are dis- 
cussed and equations given. Some Fundamental Experi- 
ments on High Temperature Creep. J. E. Dorn, 89-134. An 
expression for creep strain is given and the creep rate evaluated 
as a function of stress. Data are presented graphically. 
Transients attending loading and unloading and the coinci- 
dence of activation energy with that for self-diffusion appear 
to suggest a dislocation climb process. Creep and Ageing 
Effects in Solid Solutions. A. H. Cottrell, 141-155. Migrating 
solute atoms are believed to migrate to dislocations and to 
prevent the movements leading to recovery. Microstructure 
and Creep. J. W. Freeman and C. L. Corey, 157-173. The 
Effect of Alloying on the Creep of Metals. L. Rotherham and 
C. R. Tottle, 175-189. Theories are outlined and the attempts 
made to predict properties of alloys. Basic Principles of a 
Creep-resisting Alloy. A. Constant and C. Delbart, 191-211. 
A discussion illustrated by the vanadium steels. Creep of 
Solid Solution and Compounds in Metallic Systems. I. I. Korni- 
lov, 215-219. The Effect of Changing Loads during Creep. 
Y. N. Rabotnov, 221-225. An Approach to the Problem of 
Intercrystalline Fracture. R. Eborall, 229-241. A discussion 
of events in single phase materials, with examples of improve- 
ments sometimes brought about by small alloying additions. 
Theory of Accelerated Creep and Rupture. ©. Crussard and 
J. Friedel, 243-262. A Theory of Brittle and Ductile Fracture 
with Application to Creep Fracture, based on the Dynamic 
Behaviour of Dislocations and Condensation of Vacancies. 
A. Kochendérfer, 263-280. Observations on Third Stage 
Creep and Fracture. C. H. M. Jenkins, 287-298. An account 
of high-vacuum work with discussion. Grain Boundary 
Participation in Creep Deformation and Fracture. N. J. Grant, 
317-331. Effect of alloying and of grain boundary recovery 
on degree of embrittlement is discussed. Investigations into 
the Development of Intercrystalline Fractures in Various 
Steels under Triaxial Stress. W. Siegfried, 333-361. An 
account of the effects of structural notches, and a discussion 
of the factors involved in intercrystalline fracture, particularly 
in bolts and turbine blades. Note on the Fracture under 
Complex Stress Creep Conditions of an 0-5% Molybdenum 
Steel at 550° C, and a Commercially Pure Copper at 250°. 
A. E. Johnson and N. E. Frost, 363-382. An experimental 
check on the theory in the previous paper. Discussion by 
A. Kochendérfer. The Effect of a “‘V’’ Notch on the Tensile 
Creep Behaviour of a Molybdenum-Vanadium Steel. R. W. 
Ridley and H. J. Tapsell, 383-402. An account of work over 
the range 650—525° C and at stresses of from 17 to 5 tons/in®. 

An Analysis of the Phenomenon of High Temperature 
Creep. O. D. Sherby and J. E. Dorn. (Proc. Soc. Exper. 
Stress Anal., 1954, 12, No. 1, 139-154). A review is given of 
some of the facts now known about high temperature creep 
of non-ferrous metals. It is shown that the activation energy 
for creep of a given metal is insensitive to dilute solid solution 
alloying, grain size, cold work, temperature, stress and 
structure. It is also shown that the activation energies for 
creep of pure metals are approximately equal to those for 
self-diffusion. The logarithm of creep rate is a linear function 
of the true stress, and the slope of this line is constant for a 
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given alloy independent of the structural changes occurring 
during creep. A model for creep is presented in which the 
rate controlling process is that of recovery of barriers from the 
path of moving dislocations. (43 references).—pP. M. ¢ 

Creep in Bonded Electric Strain Gauges. H. Matlock and 
8S. A. Thompson. (Proc. Soc. Exper. Stress Anal., 1955, 12, 
No. 2, 181-188). Room temperature creep tests have been 
performed on a variety of bonded ERS gauges. They were 
held for 74 days at constant strains of either 2000 or 1000 
micro-inches per inch in both tension and compression. 
Creep cf considerable magnitude (as much as 16% of the 
applied strain) was observed. Creep was significantly greater 
for compression loading. Whilst the specific causes of creep 
have not been isolated, it is tentatively suggested that most 
of it occurs as inelastic shearing deformation, at or near the 
wire surface, at (a) the portion of larger diameter lead wires 
which are bonded and therefore subject to strain, and (b) the 
ends of the grid wires or loops. (11 references).—P. M. c. 

Creep and Relaxation of Chromium Molybdenum Steel. 
V. I. Danilovskaya, G. M. Ivanova and Yu. N. Rabotnov. 
(Izvest. Akad. Nauk S.S.S.R., Otdelenie Tekn. Nauk, 1955 (5), 
102-108). [In Russian]. Two sets of data on creep and 
relaxation of heat-resistant structural steel 30x MA were 
compared. The data were obtained during tests of short 
duration (100 hrs.) at 500° C of specimens which underwent 
preliminary plastic deformation either by creep or by stretch- 
ing (of short duration) at the same temperature. It is con- 
cluded that (1) the relationship between creep and relaxation 
corresponds to the theory of work hardening. ) The law of 
work hardening can be satisfactorily represented by a formula: 


ype k ex 6 - 
Py kexp 4 (p=« KE 


where: p plastic deformation ; a, k and A constants 
of a material at a given temperature. (3) Preliminary plastic 
deformation of short duration does not produce the same 
hardening defect as an equal deformation accumulated during 
the creep process. This indicates the existence of differences 
between the a of creep and the usual plastic 
deformation.—v. 

Method of Determining the Depth and Quality of the Har- 
dened Layer in High-Frequency Induction Hardening. G. F. 
Golovin and E. P. Evangulova. (Zavodskaya Laboratoriya, 
1955, 21, (2), 190-193). [In Russian]. The determination of 
the depth of H.F. hardening based on measurement of the 
distance from the surface to the zone with a 50% martensite 
structure is considered, typical curves of hardness against 
depth being discussed. It was found that the zone with 
hardness corresponding to martensite occupies about three- 
quarters of this distance. For evaluating the quality of the 
hardened layer a scale of martensite structures is presented 
developed for a medium-carbon steel from the analysis of 
numerous parts. The scale can be used also for low-carbon 
structural steel, and has proved suitable for 
quality-control purposes.—s. K. 

Methods and Apparatus for Surface Testing. F. Gabler. 
(Maschinenbau Warmewirt., 1956, 11, Mar., 65-73). A general 
survey of = Srna of surface testing is given, and equipment 
is described.- D. H. 

Hardness Testing with Small Loads. Principles and In- 
fluences on Measurement. H. Wiegand, M. Koch and H.-J. 
Meyer. (Metalloberfliche, 1956, 10, Feb., 35-39; Mar., 
73-75). It was established that the accuracy of a hardness 
measurement under a small load is very sensitive to the 
surface condition of the test piece. Mechanical grinding and 
polishing can form a thin surface which gives false results ; 
only electrolytic polishing gives reliable results. Etching 
produces a heterogeneous structure; at very low loads a 
large number of tests are required to give a hardness result 
representative of the whole surface.—t. p. H. 

On the Accuracy of Vickers-Hardness Testing. KE. Rossow. 
(Harterei-Tech. Mitt., 1955, 8, (3), 25-53). The author 
discusses the errors and tolerances of Vickers hardness tests. 
Results of co-operative tests by several firms are given, con- 
sidering possible variants. The method is considered to be 
the most accurate one at present.—R. P. 

On the Dispersion of Shore Hardness Values and the Grain 
Size of Carbon Steels. T. Saga and O. Miyakawa. (Nippon 
Kinzoku Gakkai-Si, 1954, 18, Feb., 77-81). [In Japanese]. 
The dispersion of Shore hardness values is greater in coarse— 
than fine grained materials, except in homogeneous metals, 


production 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








486 ABSTRACTS 


@.g. pure iron and eutectoid steel, standard deviations of 
Shore values increased with increase of hardness, but the 
coefficients of variations were nearly constant.—x. E. J. 

Micro-Indentation Hardness Testing : Variation of Scatter 
of Results with Load. B. W. Mott, and 8. D. Ford. (Metal 
Treatment and Drop Forg., 1955, 22, Jan., 9-12). A survey 
is made of the range of scatter of hardness values of copper 
and steel specimens recorded at loads of 25, 250 and 2500 
grains using a Tukon machine. The influence of vibration 
and surface preparation is considered. The results of the 
tests are quoted, and it is concluded that little reliability 
can be placed on the absolute hardness values obtained at 
loads of 25 grams. Vibration increases the recorded hardness 
at low loads. (5 references).—pP. M. C. 

Accelerating the Heating of the Specimen in High-Tempera- 
ture Hardness Testing. . V. Antonovich. (Zavodskaya 
Laboratoriya, 1955, 21, (4), 478-480). [In Russian]. A 
design of apparatus is described which enables the specimen 
to be heated rapidly for high-temperature hardness testing. 
The heating is effected by high currents (1500 amp. 1-3 V). 
This leads to economies in electricity.—s. K. 

Studies on the Wetting Effect and the Surface Tension of 
Solids. The Change in Scratch Hardness of Metals due to 
Wetting by some Oils. M. Sato. (Proc. Japan Acad., 1955, 
81, Dec., 713-715). [In English]. The scratch hardness of 
steel and other materials is increased by wetting by silicone 
oil, kerosene, spindle oil or soya-bean oil.—kK. E. J. 

Contribution to the Study of Micro-Hardness. [F. Mujfioz 
del Corral. (Inst. Hierro Acero, 1956, 9, Feb., 199-212. 
Special Number). [In Spanish]. The theories which attempt 
to explain the variations in micro-hardness with load are 
examined critically, and the possibility that the surface 
layers possess a different hardness from that of the interior 
is examined. Copper, silicon-ferrite, dead mild steel, and 
18/8 type steel specimens were investigated, and showed the 
importance of the quality of the surface preparation. The 
results show that variations in the surface condition, which 
can have a profound effect, are responsible for the observed 
variations in hardness, and that the Meyer law does not 
apply. It is also pointed out that a normal electro-polish 
may not completely remove the affected layer. (10 refer- 
ences).—P. Ss. 

Polycrystalline Macrohardness of Quenched, Unalloyed 
Steels, and Monocrystalline Microhardness of Martensite. 
R. Mitsche and K. L. Maurer. (Arch. Hisenhiittenwesen, 1955, 
26, Sept., 563-565). Tests were carried out on variously heat- 
treated plain carbon steels containing 0-65-1-31% C. The 
polycrystalline macrohardness of martensite was independent 
of the method of hardening, rising rapidly at first, and then 
more slowly, with increasing carbon content. Microhardness 
measurements on monocrystalline martensite rods showed 
that at larger loads (from about 50 g) the effect of the sur- 
rounding austenite residue was noticeable. To find the true 
monocrystalline microhardness of the martensite, either small 
loads (up to about 20 g) have to be used, or the austenite 
remaining in the martensite must be transformed so that 
measurement on pure martensite is ensured.—a. c. 

The Contribution of Microhardness to the Study of Solid- 
state Reactions. H.Biickle. (Proc. of the International Sym- 
posium on the Reactivity of Solids, Gothenburg 1952, 1954, 133— 
141). [In French]. Vickers hardness measurements are 
used to measure individual grains and different phases, 
usually relative values are sufficient ; carbides and grains in 
powder products and thin surface layers ; crystal orientations 
and slip bands. Also diffusion zones can be studied and 
solubility curves in the solid state. A second group of uses 
includes studies of precipitated phases and internal stresses. 


A Special Hardness-Tester for the Determination of the 
Depth of Chill in Case-hardened Parts. W. Schultze. 
(Harterei-Tech. Mitt., 1955, 9, Dec., 45-48). The apparatus 
and its use are described. It is based on the principle of 
obtaining varying depths of penetration of a diamond with 
increase in applied load. The result is registered by means of 
an inker.—R. P. 

Method of Evaluating the Brittleness of a Nitrided Layer. 
N. A. Fertik. (Zavodskaya Laboratoriya, 1955, 21, (2), 
200-201). [In Russian]. It was found that the determina- 
tion of brittleness from the appearance of the indentations 
produced by a diamond pyramid often does not enable the 
quality of a nitrided layer to be evaluated. Brittle-strength 
determination is a better testing method. For the alloy steel 
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investigated the preliminary heat treatment had an important 
effect on the brittle strength of the nitrided layer, the rapid 
heating obtained with induction methods giving the best 
results. The relation observed between the brittle strength 
and the degree of hardening points to another possible cri- 
terion of the hardenability of this steel.—s. x. 

Attempts to Establish a Mathematical Theory of Brittle 
Fracture. S. Svantesson. (IVA, 1955, 26, No. 7, 326-327). 
{In English]. A critical survey is made of attempts by 
Griffin and later investigators to evolve a mathematical 
theory of perfectly brittle fracture. Equations arrived at 
during the study of a prismatic, perfectly elastic body, plate 
or bar with its total cross-sectional area normal to an applied 
uniaxial tensile stress are said to demonstrate the physical 
irrelevance of these attempts.—a. G. K. 

How to Avoid Brittle Failures in Steel. G. H. Enzian. 
(Mat. Methods, 1955, 42, Nov., 116-118). The characteris- 
tics of low ductility resulting from strain ageing and notch 
brittleness in plain carbon and low alloy steels are discussed. 
The former, often referred to as blue-brittleness, is attributed 
to precipitation and generally occurs only at room and higher 
temperatures ; the latter involving a transition from ductile 
to brittle behaviour occurs within narrow temperature limits 
usually at room or lower temperatures. The effects of steel- 
making practice and heat treatment on tensile and impact 
properties are outlined, and general advice on the avoidance 
of brittle failure by attention to design, fabrication and 
prior treatment is given.—P. M. C. 

On the Brittleness of Normalized Cast Steel caused by the 
Grain Boundaries of Primary Austenite. II. S. Oki and 
R. Obata. (Nippon Kinzoku Gakkai-Si, 1953, 17, May, 243- 
246). [In Japanese]. Brittleness caused by precipitation 
at the grain boundaries is particularly caused by the simul- 
taneous occurrence in the steel of nitrogen (>0-01%) and 
aluminium (>0-07%), and is associated with AIN ; complete 
ductility is restored by adding 0-50% of titanium.—kx. E. J. 

Differential Magnetic Method for Studying Steel and Alloys. 
V. G. Permyakov, Yu. V. Naidich and 8. A. Rybak. (Zavod- 
skaya Laboratoriya, 1955, 21, (6), 695-699). [In Russian]. 
An account is given of a highly sensitive magnetic method for 
studying phase changes in steels and other alloys. The 
specimen and a standard, both cylindrical, are fastened 
together to form an X, and this is suspended by its junction 
in a magnetic field having a definite direction. From the 
orientation taken up by the X-shaped compound test-piece 
and the known magnetization of the standard, the magnetiza- 
tion of the specimen can be calculated. The theory of the 
method is discussed and results obtained with a tool steel are 
presented.—s. kK. 

Magnetic Properties of Pure Iron. J. Broz. (Arbeitstagung 
Festkorperphysik II, 1955, Leipzig, 201-203). Samples pre- 
pared by Smirous were used. The best sample had py = 
2100, wmax = 49,800, He = 0-057 Oe. 

Magnetic Particle Inspection Standards. J. B. Caine. 
(Foundry, 1955, 88, Dec., 84-89). The correlation between 
surface defects as revealed by magnetic particle inspection 
and the serviceability of castings is discussed with a view to 
establishing realistic standards of acceptance. The author 
stresses that castings should not be accepted or rejected solely 
on the presence of defects but that their position and orienta- 
tion should be taken into account. Tentative recommenda- 
tions for relatively dangerous and relatively harmless mag- 
netic particle indications are presented and discussed. 


Determination of Austenite-Content from Magnetic Satura- 
tion. (Zavodskaya Laboratoriya, 1955, 21, (2), 167-168). 
{In Russian]. The most urgent problems in this field are 
formulated.—s. K. 

Method of Calculating the Quantity of Austentite in Systems 
with Two Paramagnetic Phases. B.A. Apaev. (Zavodskaya 
Laboratoriya, 1955, 21, (2), 168-176). [In Russian]. An 
approximate method is developed for two particular cases : 
during isothermal decomposition of supercooled austenite 
in the temperature range A,—A, (Ay being the Curie-point of 
cementite) for steels having cementite-type carbides; and 
during the tempering of steels whose carbide phase is para- 
magnetic at all temperatures. The equation for determining 
austenite during isothermal decomposition is critically 
examined and the error to which it leads is estimated. The 
method is applied to the tempering of a high-speed steel 
(0-72% C, 18-42% W, 4-14% Cr, 1-12% V, 0:35% Mo, 
0:43% Si, 0-22% Mn, 0:029% S, 0-018% P).—s. x. 
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Communication and Electronics. (American Institute. of 
Electrical Engineers, 1955, 74, Part 1, pp. 805). Relation of 
D-C Magnetic Properties of Oriented 48% Nickel-Iron to 
Magnetic-amplifier Performance. C. E. Ward and M. F. 
Littmann (422-427). A Method of Solving Mathieu’s Equa- 
tion. J. J. Smith (520-525). Standards for the Presentation of 
Data on Magnetic Amplifier Core Materials (598-899). Alu- 
minium Conductor Steel-reinforced (ACSR) for Railroad Signal 
and Communications Circuits. H. W. Adams. (627-629). 

Conference on Ferromagnetism. (Izvest. Akad. Nauk 
S.S.S.R., Seriya Fiz, 1954, 18, (3), 307-416). <A series of 
fifteen papers on the theory of ferromagnetism and anti- 
ferromagnetism. 

The Relation between Coercivity of Soft Magnetic Materials 
and Sheet Thickness. V. A. Zaikova and Ya. S. Shur. 
(Doklady Akad. Nauk S.S.S.R., 1954, 94, (4), 663-665). 

Magnetic Domains in Thin Films of Nickel-Iron. C. A. 
Fowler, Jun., and E. M. Fryer. (Phys. Rev., 1955, 100, 
Oct. 15, 746-747). A method, which employs the longi- 
tudinal Kerr magneto-optic method of domain observation, 
has been used to obtain photographs of domain structures of 
evaporated Ni-Fe film 5000A thick. The behaviour of 
domains to magnetic fields is described.—®. E. w. 

High Voltage Sources for Industrial Radiography—Past and 
Present, and Future Trends. E. E. Charlton. (Non-Des- 
tructive Test, 1955, 18, Jan.-Feb., 13-22). 

A Design of X-Ray Camera. V. M. Finkel’. (Zavodskaya 
Laboratoriya, 1955, 21, (6), 737-738). [In Russian]. A 
design of X-ray camera is described by means of which crystal- 
lattice distortion can be measured from one interference line. 
Applications to deformed and annealed specimens of iron are 
illustrated.—s. kK. 

X-Ray Camera for Photographing Rotating Sections. 
N. I. Sandler. (Zavodskaya Laboratoriya, 1955, 21, (6), 
735-736). [In Russian]. The X-ray camera described can 
be used for obtaining X-ray diffraction pictures of massive 
rotating surfaces. A pattern obtained with a nitrided steel 
specimen is illustrated.—s. kK. 

Adaptor for a Rotating Camera for X-Ray Goniometric 
Investigations of Crystals. V. A. Frank-Kamenetskii, and 
A. I. Komkov. (Zavodskaya Laboratoriya, 1955, 21, (6), 
738-739). [In Russian]. A simply-constructed device is 
described by which the operation of the goniometric head in 
the X-ray goniometric investigation of crystals is facilitated. 

The Measurement of Specimen Temperature in a High 
Temperature X-Ray Powder Camera. R. 58. Pease. (J. Sez. 
Instruments, 1955, 32, Dec., 476, 477-480). Errors of speci- 
men temperature measurements by thermocouples placed 
near the specimen are examined theoretically and experi- 
mentally, and design requirements to minimize and stabilize 
the errors are given.—L. D. H. 

Detection of Residual Austenite in Hardened R9 Steel by 
the X-Ray Method. M. M. Chertok. (Zavodskaya Labora- 
toriya, 1955, 21, (6), 756). [In Russian]. The application of 
X-ray analysis is briefly discussed.—s. kK. 

Strain Gauge Applicator. S. W. Leszynski. (Proc. Soc. 
Exper. Stress Anal., 1955, 18, No. 1, 161-168). A tool for 
installing Bakelite-type gauges or large aircraft test structures 
is described. 

The Use of Foil Gauges to Measure Large Strains under 
High Fluid Pressures. M. C. Steele and L. C. Eichberger. 
(Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 151-160). 
The pressure effects are linear and small. 

Barium Titanate Strain Gauges. J. W. Mark and W. Gold- 
smith. (Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 
139-150). Calibration is described for measuring dynamic 
tensile strains and a method for producing a single gauge 
capable of measuring stress in a biaxial strain field is discussed. 
Calibration is found to change on remounting. 

Influence of Fluid Pressure on SR-4 Strain Gauges. H. 
Majors, Jun. (Proc. Soc. Exper. Stress Anal., 1955, 18, No. 1, 
13-24). 

Summary of Pyrometric Procedure Employed by One 
Company in Creep-Rupture Testing and an Analysis of Results 
Obtained. W. E. Leyda. (Amer. Soc. Test. Mat. Spec. Tech. 
Pub., 178, 1956, 13-18). Details are given of the techniques 
used by Babcock and Wilcox Co., Ohio. Chromel—Alumel 
couples are used and three types of furnace temperature 
regulators are employed: expansion, electronic, and magnetic 
amplifier.-—B. G. B. 

Simulated Service Testing. L. F. Kooistra. (Proc. Soc. 
Exper. Stress Anal., 1955, 18, Dec., 39-48). Pressure vessels 


DECEMBER, 1956 


and dissimilar metals welded joints are considered, and high- 
temperature stress-rupture testing of tubes. 

The Craze Cracking of Metals. L. Northcott and H. G. 
Baron. (J. Iron Steel Inst., 1956, Dec., 184, 389-413). 
[This issue]. 

Metallurgical Aspects of the Comet Inquiry: Extensive 
Physical Tests to Ascertain Cause of Failure. T. Bishop. 
(Metal Treatment and Drop Forg., 1955, 22, Mar., 113-118). 
Following the accidents to three Comet airliners, extensive 
test programmes, including a fatigue test to destruction on a 
complete Comet immersed in a specially built pressure tank, 
were undertaken by the manufacturers and the Royal Air- 
craft Establishment. These tests are reviewed, and the find- 
ings of the Court of Inquiry are summarized. The main 
conclusion was that structural failure of the pressure cabin 
was caused by fatigue of the aluminium alloy skin, probably 
originating at a rivet hole in the vicinity of a cabin window. 

The Failure of Parts in Service and the Safe Use of Steels in 
Machine Parts. A. Fotiadi. (Doc. Met., 1955, Jan.-Feb.-Mar., 
9-30). The deformation and fracture of metals is discussed in 
general terms with reference to the failure of machine parts. 
The aspects considered include plastic deformation on both 
the macroscopic and microscopic scale, brittleness, brittle 
fracture, fatigue cracks, and fatigue failures.—n. c. w. 

Why the Forging Failed. (Steel, 1955, 187, Nov. 21, 96-98). 
The disastrous failure of a turbine shaft in a Chicago power 
station is described. It was caused by hydrogen embrittlement, 
which would be detected by more recent equipment and 
knowledge. The method of manufacture, its — after 
failure and possible remedies are given.—D. L. ¢. P. 

On the Possibility of Uniform, Technical Seebees Testing, 
Using the Indentation Method. RK. Mitsche. (Hédirterei-Tech. 
Mitt., 1955, 8, Dec 9-18). The author discusses the conditions 
necessary for achieving uniform and reproducible results. 
He goes on to suggest a method using pre-loading by means 
of 150, 15, and 1-5 kg. Diamond is used for hard materials 
and hard metal for softer ones.—Rr. P. 

Reproducibility of Hardness Tests. J. Woolman. (Sheet Metal 
Ind., 1955, 32, April, 293-298, 306). The paper describes 
diamond and brinell tests carrie d out on both block and strip 
test-pieces, using different indenting machines, reading 
devices and operators. The results show that an accuracy 
within + 2% is attainable in diamond tests and -+ 4% in 
Brinell, lever-loaded indenters are better than spring-loaded 
ones, and that surface finish is important for accurate measure- 
ments,—A. H. M. 

Rockwell Hardness Testing of Sheet Materials. V. E 
Lysaght. (Sheet Metal Ind., 1955, 32, Feb., 127-138). The 
article shows the widespread use of the R.H.T. in the United 
States by illustrating the application of this method in 
controlling the temper of copper-base altoys, indicating the 
properties of cold-rolled strip steel, hardened steel and tin 
plate. The article is followed by discussion.—a. H. mM. 

The Value of Hardness Testing as Inspection Procedure. 
W. G. Shilling. (Sheet Metal Ind., 1955, 82, May, 373 384). 
A brief description of some new hardness testing machines 
is given and the present trend in design outlined. Causes of 
error together with two newer applications of hardness 
testing are discussed—the inspection of electro-plating and 
the application of statistical treatment to the inspection of 
mass-produced items, The paper is followed by discussion. 

Precision Measurement of Diamond Indentors for Rockwell 
Hardness Testing. F. R. Tolmon and J. F. Hall. (Sheet Metal 
Ind., 1955, 32, June, 447-451). The paper describes some 
further developments of an interferometric method used at the 
N.P.L., and gives a brief statement of the experience gained 
during the past few years.—a. H. M. 

Magnetic Measurement of the Hardness of Metals. D. 
Hadfield. (Metal Treatment and Drop Forg., 1955, 22, Mar. 
91-96; Apr., 153-159; May, 219-224; June, 239-244). The 
use of the magnetic characteristics of metals and alloys to 
define their hardness is discussed. Magneto-mechanical 
relationships are received and mathematical relationships 
enumerated. Practical methods developed to examine 
magnetic properties are described, and various types of 
instruments designed to measure or compare hardness are 
discussed. An investigation of the harness of batches of 
armour piercing shot is described as an illustration of the 
magnetic technique. Finally a simple portable instrument is 
described, which was developed for the testing of big-end 
steel bushes in motor cycle engines. Results obtained with it 
are discussed. (94 references.)—pP. M. C. 
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Contribution to the Study of the Reproducibility of the 
Jominy Test. A. Kohn and G. Delbart. (Rev. Mét., 1955, 
52, No. 8, 658-666). Two grades of steel were studied to 
verify the reproducibility of results given by the Jominy 
test at different laboratories. The main variations were found 
to be due to a lack of correlation between the values obtained 
with different hardness testing machines. Slight variations 
of austenization or tempering conditions were not important. 
The inadequate preparation of the ends of bars and ill-adapted 
test-piece fixtures could lead to very erroneous results. 

Method of Determining the Micro-Hardness of the Working 
Face of an Internal Combustion-Engine Cylinder. M. M. 
Khrushchov, E. §8. Berkovich, M. D. Krashchin, K. A. 
Krylov, and A. V. Andreeva. (Zavodskaya Laboratoriya, 1955. 
21, (7), 844-847). [In Russian]. The quality control by 
microhardness determination of electrolytic chromium 
deposited on the working face of reconditioned internal 
combustion-engine cylinders is described. A special device 
and microscope are used to produce and measure a very small 
indentation in the plated surface.—s. kK. 

Relationship between the Flat Cylindrical Indentation Test 
and the Stress-Strain Curve of Metallic Materials. R. Boklen. 
(Metall, 1955, 9, Dec., 1074-1076). Experiments are reported 
in which the relation ‘“‘mean indentation pressure = 3 x yield 
stress” was tested on 0-16 and 0:45%C steel, annealed 
copper and brass, the indentation test being performed (a) 
with a flat headed punch, (6) a hemispherical punch, (c) a 
flat headed punch in a drilled depression in the test piece. 
Good agreement is obtained for (a), after about 2% strain. 

Effect of Initial Structure on Development of Temper 
Brittleness. T. V. Sergievskaya. (Stal’, 1955, 15, (1), 63-68). 
Tests are described on 4592 steel with five different structures 
obtained by heat treatments after quenching, using standard 
test-pieces with U-notches. Tempering at 600° and 550° C was 
carried out and the development of brittleness observed. 
Tests were also carried out at temperatures down to — 196° C. 
It was concluded that the tendency increases as the austenite 
transformation temperature is raised, and that it is least when 
pearlite in a ferrite matrix is originally present. 

New Developments Abroad in Methods of Evaluating the 
Tendency of Structural Steels to Brittle Fracture. EH. 8S. 
Volokhvyanskaya og N. P. Shehapov. (Zavodskaya Labora- 
toriya, 1955, 21, (12), 1487-1498). [In Russian]. Literature, 
mainly for English aa public ations, on the methodology 
of testing structural steels for brittle fracture is reviewed. 

Resistance to Abrasive Wear of Carbon Steels. M. M. 
Khrushchov and A. A. Sorpko-Novitskaya. (Izvestiya 
Akademii Nauk SSSR, O.T.N., 1955, 12, 35-47). [In Russian]. 
Abrasive wear of carbon steels (0-05 to 1-17% C) was in- 
vestigated. Some regularity in the dependence of the relation- 
ship between the relative resistance to wear and hardness 
for heat-treated steel on carbon content was demonstrated. 

Study of Die Wear by Means of Radio-Activated Surfaces. 
B. J. Jaoul. (Steel Processing, 1955, 41, Oct. 636-641). An 
account of an investigation on the hot extrusion of steel 
through a die of 10% W tool steel. Surface activation with 
82P was used, and autoradiographs are shown. 

Residual Stresses in the Surface Layer of Metals and their 
Resistance to Wear. P. V. Djatshenko and T. W. Smushkova. 
(Technik, 1955, 10, Dec., 727-730). Residual stresses were 
induced in carbon and nickel chrome steel rings by high-speed 
machining, tool angles and feeds being varied. The rings were 
then subjected to wear tests by means of cast iron shoes. It 
was found that, generally, the wear resistance was enhanced 
by tensile residual stresses in the surface, wear itself super- 
imposing compressive residual stresses.— J. G. W. 

An X-Ray Tin Thickness Gauge for the Electrolytic Tin 
Line. R. R. Webster. (lron Steel Eng., 1955, 32, Nov., 
65-71). The author describes a non-contacting tin thickness 
gauge developed for mounting directly on the tinning line 
to give a continuous record of tin coating weight. The gauge 
gives a precision of +- 0-01 lb of tin per base box.—m. D. J. B. 

Chemical Analysis of Thin Films by X-Ray Emission 
Spectrography. T. N. Rhodin. (Analy. Chem., 1955, 27, 
Dec., 1857-1861). Thin films (100A) of Types 304, 316 and 
347 stainless steels deposited on Mylar polyester backing are 
studied, and oxide films associated with passivity and atmo- 
spheric oxidation are also examined. Compositions of the 
latter determined by this means were checked by microcolori- 
metric methods. The experimental procedure for preparing 
thin films and for their examination is given in detail.—z. E. D. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


Improved Integrating Photometer for X-Ray Intensity 
Measurements. E. Alexander and B. S. Fraenkel. (Rev. 
Sci. Instruments, 1955, 26, Sept., 895-896). 

Intensification of Radiographs. E. Meschter. (Non-Des- 
tructive Test, 1955, 18, July-Aug., 13-16). A simple and 
rapid method for intensifying radiographs is described. It 
produces significant increases in contrast, and speed gains up 
to six-fold. The process is essentially an improved iron 
toning operation, and is carried out in white light after normal 
processing.—P. M. C. 

Experimental Investigation of Chromatic Aberration in the 
Electron Microscope. S. Katagiri. (Rev. Sci. Instruments, 
1955, 26, Sept., 870-873). It is shown that chromatic field 
aberration can be completely compensated in the magnetic 
electron microscope, by a suitably designed 2-lens combina- 
tion, and voltage stabilization tolerance is greatly improved. 

Industrial Xeroradiography in 1955. R. G. Vyverberg, 
H. E. Clark and K. H. Dessauer. (Non-Destructive Test., 
1955, 18, May-June, 35-40). In xeroradiography, X-rays 
(after passing through a specimen under test) are received on 
a special metal plate having a photoconductive layer of 
amorphous selenium which is electrostatically charged. This 
charge decays by an amount proportional to the received 
X-ray intensity, and after exposure, the latent electrostatic 
image is made visible by dusting the plate with a powder of 
opposite electrostatic charge. Exposure conditions and times 
are comparable to the normal X-ray photographic film, the 
visible image being then produced in about 30 seconds. The 
process and its applications are described. (9 references). 

Nondestructive Testing in Shipbuilding and Ship Repair. 
A. K. Hutton. (Non-Destructive Test., 1955, 18, Jan.-Feb., 
27-31, 35). The author discusses the application of non- 
destructive testing methods as to general requirements and 
uses in shipbuilding. Specific examples and illustrations of 
radiographic, ultrasonic, magnetic particle, and other test 
methods are included from the routine operations of the 
Newport News Shipbuilding and Dry Dock Co. (1 refer- 
ence).—P. M. C. 

Safe and Economical Use of Isotopes in the Steel Industry. 
C. A. Karrer. (Non-Destructive Test., 1955, 18, Mar.-Apr., 
29-31). The utilization of isotopes for radiographic inspec- 
tion by a commercial steel foundry is described in terms of the 
background for making the decision to install this type of 
equipment. The physical layout and operation of the 
installation is also described and illustrated.—P. M. c. 


Influence of Addition of Nickel on the Thermal Expansion, 
Rigidity Modulus and its Temperature Coefficient of the Alloys 
of Cobalt, Iron and Chromium. I. Alloys with 10 and 20 
per cent of Nickel. H. Masumoto, H. Saité and T. Kono. 
(Nippon Kinzoku Gakkai-Si, 1953, 17, June, 255-259). [In 
Japanese]. Additions of 10 and 20% of nickel produce two 
groups of alloys, with positive and negative temperature 
coefficients of rigidity modulus, respectively. The nickel 
additions qualitatively affect the properties as if cobalt were 
being substituted by nickel, and their effects are explained in 
detail.—x. E. J. 

Influence of Addition of Nickel on Thermal Expansion, 
Rigidity Modulus and Temperature Coefficient of Alloys of 
Cobalt, Iron and Chromium. II. Alloys with 30 and 40 per 
cent. of Nickel. H. Masumoto, H. Saito and Y. Sugai. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Feb., 81-84). [In 
Japanese]. The effects are reported in detail. Qualitatively, 
there are two sets of alloys, one with a positive temperature 
coefficient of rigidity modulus, and the other negative ; the 
alloy behaviour is as if cobalt were being substituted by 
nickel.—k. E. J. 

Basic Effect of Environment on the Strength, Scaling and 
Embrittlement of Metals at High Temperature. (Amer. Soc. 
Test. Mat. Spec. Tech. Pub. 171, 1955). Six papers presented 
at a Symposium at Cincinnati are given with the discussion. 

The Role of Thin Surface Films in the Deformation of Metal 
Monocrystals. J.J. Gilman, 3-13. The strengthening effect 
of surface films on metal monocrystals (Roscoe effect) is 


discussed. It is considered that an interaction between the 
film and the crystal surface must be involved. (27 refer- 
ences). 


Structure of Oxides formed on High-Temperature Alloys 
at 1500° F. J. F. Radavich. 14-34. Electron microscopy, 
electron diffraction and X-ray diffraction have been used to 
study oxide structures on high temperature alloys. Amor- 
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phous silica present in the thin oxide films may be a very 
influential factor in the behaviour of the metal at high tem- 
perature. 

Effect of Strain on the Oxidation of Nickel-Chromium 
Heater Alloys. E. A. Gulbransen and K. F. Andrew. 35-48. 

An Investigation of Intergranular Oxidation in Type 310 
Stainless Steel. KR. E. Keith, C. A. Siebert and M. J. Sinnot. 
49-64. Scales were analysed by X-ray diffraction and inter- 
granular oxides by reflection electron diffraction. The depth 
of intergranular penetration was independent of minor 
variations in composition. The depth was more dependent 
on temperature than on time. Intergranular oxides were 
the same as corresponding external scales. The mechanism 
of intergranular oxidation is discussed. (19 references). 

The Properties of Oxidation-Resistant Scales Formed on 
Molybdenum-Base Alloys at Elevated Temperatures. M. 
Gleiser, W. L. Larsen, R. Speiser and J. W. Spretnak. 65-88. 

Oxidation at Elevated Temperatures. J. F. Radavich. 
89-114. Oxidation of 7 high temperature alloys has been 
studied. A detailed study is made of the initial oxide growth 


on the alloys by means of electron microscopic examination of 


surface replicas and stripped oxide films. Repeat oxidation 
of a typical iron-chromium-nickel alloy is also studied. The 
analysis of the structure and identification of the oxide 
films formed on the seven alloys is described.—n. G. B. 

On the Internal Cohesion of Deep-Drawing Steel. B. Otta. 
(Hutnik, 1956, 6, (5), 133-135). [In Czech]. A report is made 


of works experiences on the dependence of the quality of 


deep-drawing steels on heterogeneity, and the principal 
causes of the latter are discussed. Internal cohesion of some 
steels improves with ageing; this is ascribed primarily to the 
decrease of the hydrogen content with time.—?. Fr. 

Contribution to the Study of Iron Purification and Deter- 
mination of Transition Temperatures. C.-J. Boulanger. 
(Rev. Meét., 1956, 58, Apr. 311-319). Treatments with 
hydrogen and in vacuo are discussed and the purification of 
small samples by vacuum heating in the 6 range is described. 
An accurate series of determinations of the transformation 
points (769°, 911°, 1392°) and melting point (1536°) is then 
reported. 

Special Uses Call For Tailor-Made Steels. A. M. Hall. 
(Mat. Methods, 1955, 42, Oct., 92-95). The author reviews 
recently developed new steels and modifications of existing 
grades to meet the exacting requirements of present-day 
applications. The review covers ultra-high strength steels, 
low alloy-high strength steels, steels for high temperature 
service, stainless alloys and other ge purposes alloys 
including powder metallurgical products.—?. M. c 

A Discussion of Economie Factors Affecting the Steel 
Selection and Heat Treatment for Automotive Gears. V. E. 
Hense and D. P. Buswell. (Gen. Motors Eng. J., 1955, 2, 
Sept.-Oct., 2-10). The selection of suitable steels for auto- 
motive gears is discussed, and reference is also made to the 
choice of the subsequent heat treatment process to be adopted. 
A number of examples have been included to illustrate the 
application of these considerations in the manufacture of 
certain types of gears. A review of the practices adopted by a 
number of different manufacturers is given in an appendix. 

Improving the Mechanical Properties of Bridge Steel. L. F. 
Molotkov, V. M. Yuferov, G. E. Tsukanov, E. M. Chernevich, 
E. M. Bortunov and N. G. Sorochan. (Stal’, 1955, (10), 
930-937). [In Russian]. An account is given of the experi- 
mental investigation of factors influencing the mechanical 
properties of a bridge steel (0-12-0-20% C, 0-40-0-70% Mn, 
0-12-0-25% Si, < 0-045% 8, <0: 040% P) and of the results 
of improved production methods. Most attention is given to 
toughness, the effect on this of the following factors having 
been studied: method of deoxidation, rolling conditions, 
variations in chemical composition, normalization conditions, 
rate of cooling after rolling. Improved procedures have led 
to increased toughness at — 20° C and to lower rejects, but 
values for the thickness range 30-50 mm are still unsatis- 
factory and further work is called for.—s. k. 

Magnetic Alloys. (Wiggin Nickel Alloys by Powder Metal- 
lurgy, 19-20). An account is given of the magnetic properties 
of magnetic alloy strip, 77% Ni, 14% Fe, 4% Mo, 5% Cu. 

Studies on Mechanical Properties at Elevated Temperature of 
Timken 16-25-6. II. T. Hasegawa, O. Ochiai and J. Ino. 
(Tetsu to Hagane, 1956, 42, Feb., 116-120). [In Japanese]. 
Solution treatment before hot-cold working increased creep 
resistance but lowered ductility in the creep rupture test. 
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Increase of working temperature increased creep rupture time 
and ductility; _— by working lowered these two 
properties.— K. E. 

Method _ Testing Cutting Tools. (Génie Civil, 1955, 182. 
Feb. 15, 74-75). A method of measuring temperature-time 
and heuuecsian stress curves for tools working on cast irons 
at constant rates of rotation is described and the modes of 
tool failure are given. 

The Properties of Matter at High Pressure. 1). M. Newitt. 
(Inst. Mechanical Eng., 1955, Preprint, pp. 16). The Thomas 
Hawksley Lecture. The topics are not of great metallurgical 
interest apart from a section on pressure vessel design. 


METALLOGRAPHY 


The Metallographic View. H. E. Boyer. (Steel Processing, 
1954, 40, Aug., 505, 526). A series of brief discussions on 
steel microstructures. I. Annealed Carbon Steels. Four 
specimens of increasing carbon content are figures. Il. Which 
Magnification. Sept., 564). A 1-05°% C steel is shown 100, 

500, and x 1000. III. Reerystallization and Grain Growth 
after Cold Working. (Oct., 644, 671). Recovery, reerystalliza- 
tion and grain growth are illustrated. IV. Pearlite. (Nov.. 
705). A0O-47% C steel is shown « 100, x 500 and x 1000. 
V. Spheroidal Carbides in Steel. (Dec. 780). A 1-05% C 
spherodized steel is shown at 3 magnifications. VI. The Effect 
of Alloy _—— on Microstructures of Slowly Cooled Steels. 
1955, 41, Jan., 34). A plain carbon and an alloy steel are 
contraste ny V I, The Influence of Carbon on Martensites - 
Steels. (Feb., 92). Quenched steels from 0-08 to 1-03% 
are illustrated, x 500. VIII. Low Temperature Necanadiiee 
of Martensite. (Mar., 170). The four specimens of VII are 
shown after 1h at 500° F. IX. High Temperature Tempering 
of Martensite. (Apr., 234, 256). The same specimens after 
tempering at 1200° F are shown. X. Effect of Heat Treat- 
ment on Medium Carbon Forgings. (May, 315). A 00-47% © 
steel is shown as forged and after normalizing, annealing, 
and quenching. XI. The Effect of Heat Treatment on Medium 
Carbon Alloy Steel Forgings. (June, 377, 399). Four sections 
of a SAE-4340 forging are shown after various treatments. 

The Metallographic View. Hardenability. H. E. Boyer. 
(Steel Processing, 1955, 41, July, 432). The continuation of a 
series of articles on microstructure. In No. XII the meaning 
of hardenability is discussed. Depth of hardening is dis- 
tinguished from hardness level attained. XIII, The Joining 
Test. (Aug. 501-502). The end-quench test is described. 
XIV, Hardenability. (Sept., 586, 597). ip gg reg to 
XII. XV, Structures and Quenching Rates. (Oct., 642, 671). 
Structures from different locations of an end- quench test are 
shown at x 1000. XVI, reer gate (Nov., 716-717). Com- 
position and heat treatment are briefly discussed. XVII, 
Practical Application of Hardenability. (Dec. 774-775). 
Economies in alloying elements are noted. XVIII, Too 
Much Hardenability. (1956, 42, Jan., 23-24). Cracking in 
martensitic structures is desc eined. 

Microscopical Investigation of Transparent Objects with a 
Metallographic Microscope. P. N. Zelentsov. (Zavodskaya 
Laboratoriya, 1955, 21, (11), 1388-1389). [In Russian]. A 
brief account is given of the examination of moulding sands 
with a metallographic microscope. The method is generally 
applicable to transparent materials.—s. k. 

Use of the Electron Microscope for Investigating Porous 
Refractory Materials. V. V. Pustovalov. (Zavodskaya 
Laboratoriya, 1955, 21, (12), 1483-1485). [In Russian]. A 
method of obtaining high-magnification saissiidabenasinadi of 
refractory surfaces with the aid of an electron microscope is 
described and discussed. The results obtained are considered. 

Use of the Phase-Contrast Method in Metallography. G. EF. 
Skvortsov, A. N. Ivanova, E. E. Levin, and E. M. Pivnik. 
(Zavodskaya Laboratoriya, 1955, 21, (5), 559-562). [In 
Russian]. The theory of phase-contrast microscopic methods 
is discussed and the possibilities of its application to opaque 
sections, particularly metallographic sections, are considered. 
Phase contrast and ordinary photomicrographs of polished 
sections of steels are compared to show the superiority of the 
former. The sections illustrated include deposited high-alloy 
(Ni, Cr) steel, the comparison enabling the regular distribution 
of the new phase formed during ageing to be observed. The 
heterogeneity of an austenite grain, so fine that it can be 
observed only by the phase-contrast method, is illustrated. 

Influence of Anodic Polarization on the Appearance of 
Etched Metallic Surfaces. 8S. Feliid and M. Serra. (Anal. Fis, 
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Quim., 1956, $2(B), May, 295-304). [In Spanish]. The 
polarization curves of chromium, nickel, and an 18/8 type 
stainless steel in 5M and 1M solutions of sulphuric acid were 
determined and the etch pits produced at various levels of 
these curves were studied. The stainless steel gave a clearly 
defined relationship between polarization and _ corrosion 
figures. At 1100 to 1300 mV, octahedrally derived etch pits 
developed but with over 1600 mV cubic pits were obtained. 
The chromium specimen, which was a single crystal, at a high 
polarization level developed clear cubic pits. Nickel, giving 
indeterminate structures at first with higher current densities 
shows a tendency for minimum attack of the (111) planes. 
(15 references).—P. s. 

Double Etching for Evidence of Sulphide Inclusions in 
Commercial Iron Alloys. J. Wallner. (Arch. Hisenhiitten- 
wesen, 1956, 27, Feb., 101-102). Kiinkele’s etching method 
and the double etch of Kiinkele and Oberhoffer are described. 
It is shown that double etching in the manner given often 
highly accentuates contrastiness and simplifies the detection 
of sulphide inclusions.—a. c. 

The Structure of Metals and Alloys Revealed by Oxidation 
Reactions at High Temperature. J. Benard. (Bull. Cercle 
Etudes Mét., 1956, 7, Mar., 1-18). A detailed review of this 
aspect of the oxidation of metals is presented. The use of 
coloured oxidation films in the interpretation of the mechanism 
of metallic oxidation is explained. The formation of superficial 
microstructures as revealed by electron microscopic techniques 
is discussed. (18 references).—B. G. B. 

Use of Zephirol Etch in Investigations of Temper Brittleness, 
Age Embrittlement, and Stress Corrosion in Steel. (Arch. 
Eisenhiittenwesen, 1956, 27, Feb., 147-148). Written discus- 
sion of the paper by H.-K. Gérlich, E. Koerfer, G. Obelode, 
and H. Schenck in “Arch. Eisenniittenwesen’’, 1954, 25, 
613-619. 

Electrolytic Polishing Technique for Metallographic Speci- 
mens in Routine Quality Control: Use of Fast Rotating Cathode. 
P. M. H. Chawner. (Metal Treatment and Drop. Forg., 1955, 
22, Oct., 427-429, 432). A brief review is given of the dis- 
advantages inherent in orthodox methods of polishing metallo- 
graphic specimens when considered for routine work. The 
development of a new method is described, which depends on 
the use of a fast-flowing electrolyte. A 44 in. dia. stainless 
steel cathode is rotated at 1000 r.p.m., and the specimen is 
positioned at a critical distance of 0-007—0-01 in. from it. 
Current density is 10-20 amp/cm? and of the order of 
25 volts. Excellent results are obtained in about 15-20 
seconds. (5 references).—P. M. C. 

Etching Metals in a Gaseous Discharge. I. 1. Popenova and 
A. I. Frimer. (Zavodskaya Laboratoriya, 1955, 21, (4), 
432-436). [In Russian]. After a general account of etching 
a metal by making it the cathode in a glow discharge the 
results are presented of an investigation of the effects of the 
conditions of discharge on the surface produced. For most 
high-melting metals etching in neon is best carried out at 
0-1 mm Hg, 5kV and 5 m.a. Photomicrographs of etched 
surfaces of two steels with granular and with lamellar pearlite 
taken with optical and electron microscopes are illustrated. 
The effects of incorrect discharge conditions are discussed. 


Effects of Structure on the Mechanism of Oxidation of Iron 
Crystals. J. Benard and J. Bardolle. (Proc. of the Inter- 
national Symposium on The Reactivity of Solids, Gothenburg, 
1952, 1954 263-272). [In French]. Large crystals of 
ARMCO iron were grown in strip and polished mechanically 
and electrolytically. These were oxidized at 300°C at normal 
oxygen pressure and at 850°C at 0-1-0-2 mm and at 0-2-0-3 
mm. The oxide structures produced are illustrated. 

The Mechanism of Oxidation of Metals from the Viewpoint 
of the Transition State Theory. E.A.Gulbransen. (Proc. of 
the International Symposium on the Reactivity of Solids, 
Gothenburg, 1952, 1954, 899-908).- [In English]. The 
entropy and heat of activation are used to characterize the 
details of the reaction and are regarded as the sums of the 
values for the foundation of defects and their subsequent 
diffusion. It appears that oxidation occurs at boundaries and 
other defects, and negative entropy, it is suggested, may be 
due to a lowering of the number of sites per cm?. 

Method for Studying the Distribution of Carbon in the 
Cementation and Decarburization of Steel. M.M. Zamyatnin, 
L. B. Getsov and E. L. Grinzaid. (Zavodskaya Laboratoriya, 
1955, 21, (3), 316-320). [In Russian]. An account is given 
of a surface-sparking spectrographic method used for studying 
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the distribution in depth of carbon in steel. After cementa- 
tion or decarburization the specimen is milled slantwise if the 
depth of carbon penetration (up to 1 mm) is being determined 
or stepwise if the distribution is to a greater depth. The 
method of excitation used ensures least interference with the 
sub-surface parts of the specimen. Calibration curves are 
presented together with results showing the effects of cementa- 
tion-time and composition of the carburizer on carbon 
distribution.—-s. kK. 

An Electrochemical Method of Defining the Degree of 
Microsegregation in Metals. A. Krupkowski and A. Piotrow- 
ski. (Bull. Acad. Polonaise. Sci., 1954, 2, No. 3, 143-146). 
The weak currents produced by connecting points on a metal 
surface during solution in acid are measured and interpreted 
as the effects of the uncovering of new areas of microsegrega- 
tion. 

Influence of Substitutions on the Properties of Cementite. 
A. Michel. (Proc. of the International Symposium on the 
Reactivity of Solids, Gothenburg 1952, 1954, 929-940). [In 
French]. An account of work at Lille. Cementites are 
prepared synthetically and examined thermomagnetically and 
by X-rays. Traces of sulphur were found to have a con- 
siderable effect on the properties, but very pure material was 
obtained which began to decompose about 645° to ferrite and 
carbon, the a-iron passing into equilibrium with austenite. 
The effects of nickel, cobalt, sulphur, and S—Mg, on Curie 
point and decomposition temperature were then determined. 

Orientation of Cementite in Tempered Carbon Steel. I. V. 
Isaichev. (Zhur. Tekhn. Fiziki, 1947, 17, (7), 835-838). The 
results of an X-ray study of martensitic steel gives rules for 
orientation in terms of crystallographic parameters. 

On Grain-boundary Displacement during Secondary Re- 
crystallisation. M. Zumer and F. Sirca. (Rudarsko-Metalur- 
skit Zhornik, 1955, No. 3, 173-179). [German Summary]. 
Experiments are described on thin sheets of ferrosilicon. 

Studies on Formation of Mechanical Properties. Micro- 
scopic Interpretations of Macroscopic Observation. Y. 
Asakawa. (Nippon Kinzoku Gakkai-si, 1954, 18, May, 
266-271). [In Japanese]. Studies of local cold-working in 
aluminium single crystals and steel lead to a theory of stability 
of cold-worked metals. (16 references),—k. E. J. 

The Calculation of Transformation Temperatures and 
Austenite-Ferrite Equilibria in Steels. K. W. Andrews. (J. 
Iron Steel Inst., 1956, Dec., 184, 414-427). [This issue]. 

On the Theory of Transformation Stress. K. Honda and 
M. Sato. (Proc. of the International Symposium on the 
Reactivity of Solids, Gothenburg 1952, 1954, 847-857). [In 
English]. The stress accompanying a single phase trans- 
formation is evaluated on the basis of the elastic theory of a 
thick-walled sphere or cylinder under hydrostatic pressure. 
It can be deduced that the cause of irreversibility is due to 
high internal pressure and tension accompanying the trans- 
formations, The hysteresis loop in the A3 transformation of 
pure iron is given as an example. 

On the Isothermal Transformation in the Range of Lower 
Temperature, and the Delay of Transformation. M. Endoh 
and K. Nisino. (Nippon Kinzoku Gakkai-Si, 1953, 17, May, 
205-209). [In Japanese]. Dilatometric studies on the 
isothermal transformation of austenite into martensite are 
reported. The rate of lowering of the commencement of 
transformation in cooling after austempering is slow in the 
bainite range until the amount of bainite transformed exceeds 
70% ; in the martensite range it is rapid at lower trans- 
formations. These results, and others concerning temperature 
coefficients of the transformation rate, are related to the 
lattice structures. (11 references).—k. E. J. 

The Lattice Transformation of Irreversible Iron-Nickel Alloys. 
K. Stierstadt. (Z. Metalikunde, 1955, 46, Oct., 751-755). 
Transformation data were investigated on alloys containing 

3 to 25% Ni, using the high-frequency method described by 
Fraunberger (Z. Metallkunde, 1955, 46, Oct., 749-751). 
Magnetic (A,) and lattice (A,) transformations are clearly 
separated by this method.—t. D. H. 

Crystallographic Relationships in the Formation of Bainites 
in Steel, and in the Orientation of Secondary Graphite in Grey 
Cast Irons. W. Hofmann, G. Schuhmacher, and J. M. 
Sistiaga. (Inst. Hierro Acero, 1955, 8, Oct.-Dec., 746-754). 
[In Spanish]. Single crystals of a 0-86% C, 0:2% Si, 1-6% Mn, 
0-4% Cr, 0:09% V steel were transformed for one to six hours 
in a salt bath at 350° C, and the relationships austenite (111) 


11 (011) ferrite, austenite [112] 11 [011] ferrite were observed. 
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The shear mechanism leads to twelve different positions of the 
ferrite with respect to the austenite. Other crystals, trans- 
formed to martensite, confirmed the Kurdjumow-Sachs 
relationship. Experiments on iron, ultra-rapidly cooled, 
were also made but were less conclusive. A cast iron retort 
(3-4% C, 1-7% Si) was also examined and showed oriented 
graphite precipitation, this was also reproduced by annealing 
at 850° C for 170 hours. The basal planes of the graphite were 
found to be parallel to the octahedral austenite planes. 


Single crystals did not give these relationships. A brief 


discussion is also included.—?. s. 

Allotropic Transformations in Ternary Metal Systems : 
Transformation Equilibria Involving the Melt. A. Prince. 
(Metal Treatment and Drop Forg., 1955, 22, May, 193-201). 
An attempt is made to explain the equilibria existing among 
the phases in ternary relationships comprising one or more 
types of binary systems. The discussion is restricted to 
transformations involving the melt. Following a brief con- 
sideration of binary diagrams, ternary equilibria are dealt 
with for three cases, viz. when the transformation temperature 
a->f is raised in each of the binary systems AB and AC ; the 
transformation temperature is depressed in each of these 
binary systems ; and finally one transformation temperature 
is raised and the other depressed. (5 references).—pP. M. C. 

The Equilibrium Diagram and Reactions in the Solid State. 
G. Masing. (Proc. of the International Symposium on the 
Reactivity of Solids, Gothenburg 1952, 1954, 941-948). [In 
German]. Deviations from the theoretical diagrams are con- 
sidered for Fe-Ni, Fe-Mo, and Au-Ni alloys with special 
reference to diffusion effects, particularly where intermetallic 
compounds are formed. 

Solubilities of Chemical Elements in Titanium. I. I. 
Kornilov. JIzvest. Akad. Nauk SSSR, Otdelenie Khim. Nauk, 
1954, May-June, 392-399). A review is presented with an 
account of the intermetallic compounds formed and diagrams 
of the Ti-Cr, Ti-V, Ti-Fe, and Ti-C systems. 

On the Behaviour of Magnesium in Spheroidal Graphite Iron. 
M. Okamoto and R. Yoda. (Nippon Kinzoku Gakkai-Si, 
1954, 18, Feb., 105-109). [In Japanese]. Experiments show 
the existence of Mg, Si and Mg,P, in magnesium-treated iron, 
and of complexes containing carbides and sulphides of 
magnesium in the segregated graphite. The latter compounds 
decompose on annealing. (37 references).—k. E. J. 

Special Features of the Use of the Electrolytic Method for 
Separating Phases in Steel. N. M. Popova. (Zavodskaya 
Laboratoriya, 1955, 21, (6), 647-651). [In Russian]. The 
effects of sample homogeneity, surface shape, purity of the 
residue, tendency of the sample to sludge formation, and 
residual-austenite deposition on the results of the electrolytic 
method of carbide-phase separation are discussed. Results 
are presented showing the carbide-iron distribution in various 
layers for specimens of two steels, and of the effects of solution- 
time on the determination of iron in the electrolytic residue 
from a carbon steel (0-73% C) hardened from 850° C in water. 
The contents of iron and carbon in the residue from the 
carbon steel are tabulated, and austenite deposition from 
various steels is considered.—-s. k. 

The Dependence of Potential of a Cathodically Polarized 
Electrode on Electrolyte Structures Pt/HNO,, Steel/HNO,. 
S. Mine. (Bull. Acad. Polonaise Sci., 1953, 1, No. 7, 333-338). 
Two mechanisms of depolarization appear to be present 
depending upon the acid concentration. 

Work of the Spectrographic Laboratory for Steel Testing. 
A. V. Sokolova. (Izvest. Akad. Nauk SSSR, Seriya Fiz., 
1955, 19, (2), 173-174). Various steels are listed and the 
wave-lengths used in analysis. A graph for this is given. 

Uses of Spectrographic Analysis in the Kuznetsk Metal- 
lurgical Combine. L. P. Andreeva. (Izvest. Akad. Nauk, 
SSSR, Seriya Fiz., 1955, 19, (2), 160—161). <A brief section 
on steel is included. 

Steelometer ST-7. E. L. Berman. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (1), 38-40). The instrument is 
illustrated and its use indicated. Eight alloys, silumin, 3 
b:asses, an Al and a Zn alloy, cast iron and a precision cast 
steel are tabulated with the elements determined in each, 
the range of concentration and the wave-lengths used. 


Determination of the Strength of Oscillations in the Spectra 
of Iron and Nickel. G. F. Parchevskii, and N. P. Penkin. 
(Izvest. Akad. Nauk SSSR, Seriya Fiz., 1955, 19, (1), 8-9). 

Allowing for Contamination of the Base in Synthetic Stan- 
dard Samples for Spectrum Analysis. L. N. Filimonov. 
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(Zavodskaya Laboratoriya, 1955, 21, (4), 451-458). [In 
Russian]. This is a general discussion of the effect of impuri- 
ties in the main component of synthetic standard samples on 
the results of spectrographic analysis. Corrections are con- 
sidered.—s. kK. 

Statistical Investigations of Spectrographic Analysis of Non- 
alloy Steels. K. I. Ionova and V. V. Nalimov. (Jzvest. 
Akad. Nauk SSSR, Seriya Fiz., 1955, 19, (1), 129-130). 
Use of the root mean square formula is shown. 

The Use of the Parallel Graph Method in Spectrographic 
Analysis of Steels. Yu. M. Buravlev. Rapid Spectrographic 
Analysis of High-alloy Steels and Alloys. A. G. Komarovskii. 
(Izvest. Akad. Nauk SSSR, Seriya Fiz., 1955, 19, (2), 166-167, 
167-169). Si, Mn, Cr, Ni, Mo, Ti, W, V, Co, Al, B and Nb are 
included. Three standard curves are given corresponding to 
three defined groups of alloys. 

Effects of Cementation and Nitridation on the Results of 
Spectrographic Analysis. I. A. Grikit. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 221-223). Errors introduced 
in the analysis of various steels are given. 

Investigation of Structural Effects in Spectrographic Analysis 
of Steels of Types P9, P18 and 88 KhMYuA. M. Buravlev. 
(Izvest. Akad. Nauk SSSR, 1955, 19, (2), 120-171). Effects of 
Thermal Treatment and Deformation of Free-cutting Steel 
P18 on the Results of Spectrographic Analysis. I. A. Grikit. 
(171-173). Differences are found between cast and forged 
metal with spark excitation. 

Method for Spectrographic Determination of Arsenic in 
Steel, and its Uses. E. F. Nikiforova. (Jzvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 190-191). The lines As 
2349-84 and Fe 2350-39 are used. 

Spectrographic Method of Analysis for Arsenic in Plain 
Carbon Steels. V. V. Sukhovalova. (Jzvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 191-192). Wave lengths and 
limits are given. 

Spectrochemical Determination of Carbon in Iron Alloys. 
E. 8S. Kudelya and A. 8. Dem’yanchuk. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 150-151). Measurements 
are made on the 2296-8 A line compared with 2304-7 for 
low-carbon steels, 2279-9 for alloy steels and 2327-4 for 
cast iron. 

Spectrometric Determination of Hydrogen in Metals. N. G. 
Gerasimova, T. F. Ivanova, N. S. Sventitskii, G. P. Startsev, 
K. I. Taganov, and M. E. Trentovius. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 147-148). An apparatus is 
shown, using hydrogen-containing steels as standards. 

Determination of Oxygen in Steel by a Spectrographic 
Method. O. B. ae ta (Izvest. Akad. Nauk SSSR, Seriya 
Fiz., 1955, 19, (2), 149-150). A spark discharge is used in 
hy drogen at 270 mm and the 4641-8 A line is measured over 
the range 0-005-0-2%. 

Use of the Isotope Method for the Solution of Scientific 
and Practical Problems in Metallurgy. (Zavodskaya Labora- 
toriya, 1955, 21, (2), 131-134). [In Russian]. An outline 
is given of some applications of isotope methods to metallur- 
gical research, both theoretical and practical aspects.—s. K. 

Rapid Determination of Phosphorus Using Radioactive 
Isotopes. H. Kniippel and H. J. Kopineck. (Arch. Eisen- 
hiittenwesen, 1955, 26, Dec., 713-720.) Methods used hitherto 
in the determination of phosphorus are described before the 
method of measurement of radiation. Industrial utility of 
the method, the safety precautions required, and its cost are 
also reviewed. 

New Method for the Rapid Determination of Phosphorus in 
Slags by the Use of a ge yg a Indicator. A. I. Osipov, 
I. Yu. Kozhevnikov, V. Iudin, M. L. Sazonov, M. G. 
Bul’skii, A. G. Alimov, A. i. Skreptsov and A. P. Ryabenko. 
(Zavodskaya Laboratoriya, 1955, 21, (4), 391-395). [In 
Russian]. A radioactive method for the rapid determination 
of phosphorus in O.H. slags during the processing of high- 
phosphorus irons has been developed. The radioactive 
isotope is introduced, mixed with fine iron powder and 
contained in a sealed copper tube, into the metal. Tests 
showed that it was best introduced into the ladle before the 
mixer. Special designs of slag moulds and counter were 
used, The results obtained by this method were found to be 
more exact than those of rapid photocolorimetrie or volu- 
metric methods.—s. kK. 

The Determination of Sources of Non-Metallic Inclusions 
in Bail Bearing Steel Using Radioactive Calcium. V. A. 
Grigoryan and A. M. Samarin. (Jzvest. Akad. Nauk SSSR, 
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Otdelenie Tekn. Nauk, 1954, (3), 91-101). [In Russian]. 
By introducing radioactive calcium in turn into slag, crucible 
linings, or casting refractories the origin of non-metallic 
inclusions in steel produced in an induction and an arc furnace 
was determined.—v. G. 

Complexometric Determination of Aluminium in Silicates 
and Slags. Yu. A. Chernikhov, B. M. Dobkina and L. M. 
Khersonskaya. (Zavodskaya Laboratoriya, 1955, 21, (6), 
638-642). [In Russian]. The effects of the presence of other 
elements and of other factors on the complexometric deter- 
mination of aluminium in slags and silicates are considered. 

The Influence of Heating Velocity on the Fine Structure of 
Chromium Alloyed Iron. I. N. Kidin. (Jzvestiya Akademii 
Nauk SSSR, O.T.N., 1956, No. 2, 26-34). [In Russian]. It 
was found that on heating i iron containing 5-7% Cr to 940° C 
at 50°/min the size of mosaic blocks decreases by a factor of 
2 and for a rate of 1500°/sec by a factor of 3 in comparison with 
slow heating. On heating to 1040° C a somewhat smaller and 
at 1200° a considerably smaller decrease in the size of blocks 
was found. The latter is explained by an increase in the role 
of the temperature factor in the growth of coherent zones in 
comparison with the inhibition due to increase in the rate of 
heating. Increased heating rates also considerably decreased 
the size of coherent zones in iron containing 8-3% Cr. It 
was established that increased hardness after hardening at 
greater heating rates is mainly due to a diminution of the 
size of mosaic blocks and that increase in the second-order 
stresses has, in this case, no material influence on hardness. 

Solubility of Vanadium Carbide in Austenite. K. Bungardt, 
K. Kind, and W. Oelsen. (Arch. Hisenhiittenwesen, 1956, 
27, Jan., 61-66). The literature on the formation of carbides 
of vanadium steels is reviewed. The determination of tem- 
peratures of dissolution of vanadium carbides in austenite by 
measurement of electrical resistance, residual analysis, radio- 
graphic and microscopic examinations respectively are 
described. Thermodynamic calculation of the boundary 
surfaces of the y-spaces in the system Fe—V-C is outlined. 

Solubility of Oxygen in Nickel-Chromium and Iron-Nickel- 
Chromium Melts. S. V. Bezobrazov and A. M. Samarin. 
(Izvest. Akad. Nauk S.S.S.R. Otdelenie Tekn. Nauk, 1953, Dec. 
1790-1796). 

Compounds of Thorium with Transition Metals. II. Systems 
with Iron, Cobalt, and Nickel. J. V. Florio, N. C. Baenziger, 
and R. E. Rundle. (Acta Crystallographica, 1956, 9, Apr. 10, 
367-372). Details of the structures are given, together with a 
brief description of the structural determinations of the new 
structural types.—T. E. D. 

The System Silver-Iron-Silicon. R. Vogel and W. von 
Massenhausen. (Arch. Hisenhiittenwesen, 1956, 27, Feb., 
143-145). The triple system Ag-—Fe-Si was investigated by 
thermal and microscopical methods. The system is distin- 
guished by a gap in the range of miscibility in the molten 
state, reaching 0-100% Ag in the system iron-silver and 
finishing at approximately 50% Ag, 12% Fe, and 38% Si. 
Beyond this there is a considerable zone of complete solubility 
of the three components in the molten state. Equilibrium 
conditions are discussed.—a. Cc. 


CORROSION 


Corrosion and Corrosion Protection of Iron and _ Steel: 
Review of Literature, 1952-58. H. Steinrath and H. Ternes. 
(Stahl u. Hisen, 1956, '76, Feb. 23, 229-234; Mar. 8, 295-299). 
H. Klas and G. Heim. (Mar. 22, 357-360; Apr. 5, 413-417). 
The effects of welding, heat treatment and composition on 
corrosion are given, atmospheric and underground corrosion 
are also considered. The second article deals with corrosive 
arising from the presence of water, in steam-raising plant, and 
with a number of particular cases. The third reviews work on 
active protection, i.e. by inhibitors and cathodic methods 
followed by a review of passive protection by metallic coat- 
ings. Finally non-metallic and organic coatings are reviewed. 

Fretting Corrosion. RK. B. Waterhouse. (Jnst. Mechanical 

Eng., 1955, Preprint, pp. 10). The process and its occurrences 
are reviewed and three possible processes discussed. Preven- 
tive measures are classified, but it is emphasized that the special 
circumstances must be considered in all cases. 
Installation for Corrosion Tests. M. M. Kurtepov. (Zavod- 
skaya Laboratoriya, 1955, 21, (11), 1389-1390). [In Russian]. 
In the installation described simultaneous corrosion-tests can 
be made on many specimens of different materials in several 
media at temperatures of 20-140° C.—s. K. 
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Polarization Curves and their Uses in Corrosion Research. 
P. J. Gellings. (Chem. Week., 1956, 52, May 12, 329-334). [In 
Dutch]. This paper puts forward the fundamental ideas 
involved in the study of polarization and its main causes, 
It discusses also its application to corrosion phenomena 
connected with the generation of hydrogen, cathodic protec- 
tion and passivation. To conclude, attention is called to the 
fact that little work has been reported on similar problems 
involving non-ferrous metals. (47 references).—F. R. H. 

Corrosion Research using Aerosols. W. Hess-Bircher. 
(Metalen, 1956, 11, June 15, 239-245). [In Dutch]. After 
calling attention to the shortcomings of existing types of 
corrosion testing apparatus, the article describes equipment 
using aerosols developed in the Swiss PTT Research Labora- 
tories. There are numerous illustrations of the apparatus and 
of test pieces before and after treatment together with tables 
giving the properties of the moist vapour, colloidal and mole- 
cular aerosols used for testing.—F. R. H. 

Corrosion: How It Affects Materials Selection and Design. 
R. W. Henke. (Mat. Methods, 1955, 42, Nov., 119-134). A 
general description is given of the mechanisms of various 
types of corrosion, viz. galvanic, chemical, intergranular, 
cavitation, fretting, and dezincification, graphitization, 
caustic and hydrogen embrittlement, stress corrosion cracking, 
corrosion fatigue, impingement corrosion and erosion. The 
author then discusses the application of this knowledge to 
product planning and design of engineering components and 
structures. A useful rating chart for corrosion resistance is 
given, which indicates the effects of nearly 400 chemicals, 
liquids and other substances on a variety of materials in- 
cluding stainless steels and cast iron. (7 references ).—-R. M. C. 

On Methods of Investigation of Corrosion of Iron Powders. 
I. V. Krotov. (Zhur. Priklad. Khim., 1955, 28, (12), 1302- 
1307). [In Russian]. Three methods of quantitative determina- 
tion of corrosion on powdered iron (compacted specimens) 
were investigated: (1) based on the determination of the 
amount of hydrogen evolved by a specimen dissolved in 
5% hydrochloric acid; (2) based on a cathode treatment in 
2% sulphuric acid, in this case the separation of rust takes 
place not only by solution but also by peeling off due to 
hydrogen bubbles; and (3) based on weight increase of a 
specimen. wea for which the individual methods can be used 
are discussed. a 

A Pilot Plant for Studying Corrosion Rates. W. R. Pollard 
and J. V. Lawson. (Indust. Eng. Chem., 1955, 47, Nov. 
2282-2283). A distillation plant using 2 : 2’-dichlorodiethyl 
ether (Chlorex) as extraction solvent is described, designed 
for trials with corrosion inhibitors. 

Progress Report on Accelerated Corrosion Test for the 
Performance of Plated Coatings. W. L. Pinner. (Plating, 
1955, 42, Aug., 1039-1043). Brief details are given of twenty 
tests being investigated as possible substitutes for the dis- 
credited salt spray test. The acetic acid modification of the 
salt spray test, the electrolytic corrosion test, the British 
sulphur dioxide test and two tests in which abrasion and 
exposure to corrosive media are followed by exposure to a 
humid atmosphere are under active investigation.—a. D. H. 


Method for the Electrochemical Investigation of the Atmos- 
pheric Corrosion of Metals. I. L. Rozenfel’d and T. I. Pavlut- 
skaya. (Zavodskaya Laboratoriya, 1955, 21, (4), 437-442). 
{In Russian]. A newly developed method is described by 
which the electrochemical and corrosion behaviour of metals 
under a thin layer of electrolyte in various atmospheres can 
be investigated. The film is produced by depositing the 
appropriate volume of liquid from a micro-pipette on the 
horizontal surface, and a special device is used for rapid 
determination of the thickness of the film. Cathodic polariza- 
tion curves for iron in 0-1 N sodium chloride solution (film 
thicknesses 70-330 » and in bulk) are presented. These show 
that with the thinnest film, iron is a very effective cathode with 
low polarization. Polarization curves for zine are also given. 

The Use of Isotope Fe-59 in the Study of the Oxidation 
Mechanism of Iron. B. W. Lintschewski and N. P. Shuk. 
(Neue Hiitte, 1956, 1, Mar., 308-310). (From Application of 
Radioactive Isotopes in Metallurgy, Metallurgisdat, Moscow, 
1955, 341-346). The distribution of radioactive iron in the 
layers of scale formed on the surface of iron samples, first 
treated with radioactive iron, has been investigated. Maximum 
radioactivity was found to be concentrated in the innermost 
and outermost layers of scale. A theory to accommodate 
experimental results has been formulated.—t. J. L. 
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Methods of Investigating Metallic Corrosion in Gaps and 
Slots. I. L. Rozenfel’d and I. K. Marshakov. (Zavodskaya 
Laboratoriya, 1955, 21, (11), 1346-1353). [In Russian]. 


Defects of existing methods of studying the corrosion of 


metals in confined spaces such as gaps and slots are considered. 
A new technique for this purpose is described in which quantita- 


tive characteristics of metallic corrosion in gaps and slots of 


any width and depth can be obtained. The ratio of the surface 
of metal in the gap to that in contact with unconfined liquid 
can also be adjusted at will. The method includes electro- 
chemical investigations required for the study of the mechanism 
of the corrosion failure of metals in confined spaces. Some 
applications of the method are described.—s. k. 

Study of Corrosion in Tropical Conditions. V. Romanovsky. 
(Corrosion et Anticorrosion, 1956, 4, Feb., 53-59). The testing 
station at Abidjan is the first and only French tropical cor- 
rosion station by the sea. The arrangements for sea-air, 
spray and immersion tests are described. After outlining the 
climatic conditions and sea-water characteristics at Abidjan, 
the author discusses the marine organisms causing corrosion. 
In particular, times of appearance, presence and disappearance 
are indicated.—t. E. D. 

Stainless Steels. J. Apraiz. (Bol. Min. Indust., 1955, 34, 
May, 265-267). The intergranular corrosion of austenitic 
stainless steels is described. The effect, on the rate of pene- 
tration of this form of attack, of temperature, carbon content, 
and grain size is shown. The improvement in resistance to 
corrosion by the addition of titanium, molybdenum, and 
columbium to the steel is then discussed.—s. R. P. 

Reactivity of Freshly Formed Steel Surfaces. A. Prince. 
(Nature, 1955, 176, July 30, 223). Mild steel specimens 
fractured at sub-zero temperatures have been found extremely: 
reactive and corrode very rapidly.—. G. B. 


Corrosion and Meteorology. P. A. Cartwright. (Nature, 
1955, 176, Oct. 15, 748-749). The corrosion of steel under 
tropical conditions of humidity and temperature is discussed 
briefly. A comment by Dr. J. C. Hudson is appended. 


The Theory of Electro-chemical Corrosion of Metals. I. 
Review of Methods of Prevention. II. J. W. Boon. (Chem. 
Week., 1955, 51, Oct. 1, 687-696). [In Dutch]. In the first 
paper, the author reviews the fundamentals of electro- 
chemical corrosion of metals with special reference to the 
processes occurring in a differential aeration cell. In the 
second, he deals with the preventive methods available 
based on two groups, one involving immunization of the 
metal from the attacking medium, and the other in which the 
metal is protected by passivation.—r. R. H. 

The Corrosion of Tinplate Cans for Preserving Fruit. P. 
Berthier and C. Courty. (Chim. Ind., 1955, 74, Aug., 248- 
250). Tinned boxes containing apricot pulp, apricots in 
syrup and apricot juice have been examined for corrosion. 
This type of test is considered to be a satisfactory way of 
testing the efficacy of tinned plate for food containers. 
Owing to the extreme thinness of normal tin coatings physical 
methods of measurement are not considered suitable.—.. G. B. 


Method of Detecting the Existence of Inter-Crystalline 
Corrosion in Stainless-Steel Equipment. I. L. Rozenfel’d, 
Z. A. Vrutsevich and M. V. Beganov. (Zavodskaya Labora- 
toriya, 1955, 21, (5), 557-559). [In Russian]. An account 
is given of a method for detecting intercrystalline corrosion 
in stainless steel, in which an inclined surface 10-15 mm long 
and up to 0-5-1 mm deep is ground in the steel and examined 
at a magnification of 75-150 diameters. When there is inter- 
crystalline corrosion, the surface shows, besides the longi- 
tudinal grinding marks, a mosaic of crystal boundaries. 
Results obtained with chromium -nickel steels are illustrated, 
and the reliability of the method is indicated by comparisons 
with the appearance of corresponding polished sections in 
depth.—-s. k. 

Foreign Practice in Testing Stainless Steels for Tendency to 
Inter-Crystalline Corrosion. A. V. Shreider. (Zavodskaya 
Laboratoriya, 1955, 21, (5), 551-556). [In Russian]. This is 
a survey of methods used outside the U.S.S.R. for the inter- 
crystalline corrosion-testing of stainless steels, with special 
attention to American practice.—s. K. 

On Methods of Determining the Tendency of Stainless Steels 
to Inter-Crystalline Corrosion. I. A. Levin. (Zavodskaya 
Laboratoriya, 1955, 21, (5), 546-550). [Im Russian]. This 
article follows an editorial in which problems in the testing 
of stainless steels for inter-crystalline corrosion are formulated 
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and discussion invited. It deals with various theories of 
this type of corrosion and some difficulties in testing for it. 

Corrosion Fatigue of Low-Alloy Chromium-Molybdenum 
Steel as Affected by the State of Heat Treatment. D. Ss. 
Kemsley. (Nature, 1955, 175, Jan. 8, 80). The author gives 
briefly the results of tests on mining-drill steel rods in use at 
Kalgoorlie which are manufactured from as-rolled material, 
the shank end being austenitized, quenched and tempered. 
This treatment results in a short section of the rod containing 
spheroidized carbide and the author found that no fracture 
occurred at this section although in some cases fracture did 
occur where spheroidization had just begun, thus pointing to 
corrosion fatigue. Ferroxyl accelerated corrosion tests 
showed that marked accelerated corrosion took place at the 
spheroidized zone.—t. E. W. 

Low Alloy Steels Resistant to Stress Corrvsion Cracking. 
(Aciers Fins Spec. Frang., 1955, Nov., 29-32). The causes 
of fracture due to intergranular attack are discussed, and 
reference is made to special steels developed for particular 
industries. Details are given of the composition and charac- 
teristics of some of these steels. It is considered that steels 
of the chrome-aluminium group will be used to an increasing 
extent in the future for equipment working in corrosive 
media.—FE. A. C. 

Predicting Corrosion Resistance by Microscopic Examination. 
J. H. Seott. (Metal Progress, 1956, 69, Mar., 79-80). 
Preliminary results obtained using an electrolytic oxalic acid 
treatment for the rapid testing of stainless steel plate for 
corrosion resistance is described. The results compare very 
favourably with the 240-hr. boiling nitric acid test and take 
2 to 3 minutes to perform.—B. G. B. 


Corrosion of Ferrous Metals in Heat-Exchange Systems and 
Ancillary Equipment. F. Wormwell and G. Butler. (J. 
Inst. Heating Ventilating Eng., 1956, 28, Mar., 461-468). 
The mechanism of corrosion and methods of prevention are 
briefly reviewed with special reference to problems arising 
in heat-exchange systems and buried pipelines. It is pointed 
out that the rapid failure of iron and steel pipe in water- 
logged clay is due to sulphate-reducing bacteria which flourish 
in the anaerobic conditions characteristic of such clays, 
reducing sulphate to sulphides and removing hydrogen from 
the cathodes of corrosion cells. The best protection is 
afforded by a coating of coal tar or bitumen reinforced with 
a neutral material such as glass fibre or asbestos. (14 
references).—-L. E. W. 

Corrosion of Heating and Ventilating Appliances. D. G. 
Lewis. (J. Inst. Heating Ventilating Eng., 1956, 28, Mar., 
453-460). Typical corrosion problems encountered in 
common heating and ventilating practice are outlined, and 
specific instances are described in general terms as examples. 
The relation of scale or deposits to corrosion is introduced, 
and the effect of the residue of non-freezing solutions in 
combination with hard waters on the working of boilers is 
discussed.—L. E. w. 

The Prevention of Scale and Corrosion in Boilers. P. 
Hamer. (J. Inst. Heating Ventilating Eng., 1956, 23, Mar., 
476-485). The author describes the general chemical 
principles governing water treatment to prevent scaling, 
corrosion, priming and foaming in boilers, and corrosion in 
pipes carrying steam and condensate.—t. E. Ww. 

Organic Corrosion. B. S. Biggs. (Bell Lab. Record, 
1956, 34, Jan., 1-4). The chemical changes that take place 
in plastics and rubbers during service are reviewed and the 
investigaticns carried out by the Bell Laboratories in order 
to understand and prevent these changes are indicated. 

Cavitation in Hydrodynamics. Nat. Phys. Lab. Symposium, 
Sept., 1955, 1956. H.M. Stationery Office. (30s.). A 
Suggested Mechanism of Erosion Damage. G. T. Callis. 
Paper 18, pp. 11. Previous suggestions are reviewed and 
observations quoted which are not in accordance with the 
notion of cavity collapse. The analogy of impingement 
attack is pointed out and the damage ascribed to liquid 
turbulence. Further Studies of the Mechanics and Damage 
Potential of Fixed Type Cavities. KR. T. Knapp. Paper 19, pp. 
14. Some Experiments on Cavitation Erosion in Water Mixed 
with Air. R. E. H. Rasmussen. Paper 20, pp. 25. Apparatus 
is described and illustrated. In the rotation apparatus a 
nearly linear rate of weight loss was observed starting at a 
critical speed. In the flow apparatus, erosion on cylindrical 
test-pieces occurs only for a limited range of flow velocity, the 
loss of weight attains a rather high maximum value for a 
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sharply defined velocity. In all cases erosion can be almost 
stopped by addition of about 8-10 per thousand by volume of 
air as small bubbles. Mechanism of Cavitation Erosion. W. H. 
Wheeler. Paper 21, pp. 31. An account is given of experi- 
ments and hypotheses regarding the role of chemical processes 
following the mechanical damage. Attempts were made to 
distinguish between erosion and corrosion and experiments 
were carried out in toluene to eliminate the latter, though 
“temper’’ colours appeared in presence of oxygen in the sol- 
vent. A full discussion and many curves and illustrations are 
included. Experimental Study of the Intensity of Erosion due 
to Cavitation. K. K. Shalnev. Paper 22, pp. 37. Cavitation 
erosion of hydraulic equipment is discussed. A circular 
profile model was used and examined by high-speed photo- 
graphy. Burbling cavitation originates in the initial state on 
the axis of rotation of the vortex and in the subsequent 
stages fill up the vortex zone partly or completely depending 
upon the value of the cavitation parameter. The shape of the 
erosion area reflects the life cycle of the individual cavities. 
Pits develop where the cavity grows and breaks away, not 
where it contracts. 

Apparatus for Investigating the Protection Potential of a 
Metal in the Ground. N. D. Tomashov and Yu. N. Mikhailov- 
skii. (Zavodskaya Laboratoriya, 1955, 21, (11), 1380-1382). 
[In Russian]. An apparatus is described by which the minimal 
potential for protecting metals from corrosion is studied. 
The potential for cast iron was found to be — 700 mV and 
— 725 mV in soils with 5 and 10-15% of moisture respectively. 

Corrosion Prevention in Packaging. (Corrosion Prevention 
and Control, 1956, 3, April, siii-svi, sviii, sxiv). The organiza- 
tions, firms, and selling agents in the United Kingdom that 
deal in spray packaging, inhibitors, hot-dip strippable plastic, 
tapes, etc., are given.—L. E. Ww. 

Deterrence of Hydrogen Blistering at a Fluid Catalytic 
Cracking Unit. B. W. Neumaier and C. M. Schillmoller. 
(Corrosion Techn., 1956, 3, Mar., 81-85, 96). The author sum- 
marizes the forms and mechanism of and the conducive 
environments for hydrogen blistering, and then deals, in 
question and answer form, with its comparatively recent 
recognition and the measures that can be taken to prevent 
hydrogen formation. The apparatus, analytical techniques., 
ete. that are available for detecting incipient hydrogen pen- 
etration are also discussed.—t. E. w. 

Cathodic Protection at Los Angeles. W. E. Kirkendall. 
(J. Amer. Waterworks Assoc., 1956, 48, Apr. 417-429). An 
account of the protection of water tanks with magnesium 
anodes is given. 

Corrosion Control in Tankers by Cathodic Protection. J. S. 
Gerrard. (Corrosion Prevention and Control, 1956, 3, June, 
37-38). The general principles involved in cathodic protec- 
tion are outlined with particular reference to the application 
of such protection to steel in sea-water. The advantages of 
the ‘Mapel’ magnesium finned anode are described briefly. 

Measurem2nt of Film-Resistance in Cathodic Protection. 
I. B. Ulanovskii. (Zavodskaya Laboratoriya, 1955, 21, (2), 
209-211). [In Russian]. The determination of the resistance 
to corrosion of the complex film produced on steel in sea 
water by cathodic protection is discussed and a suitable 
apparatus is briefly described.—s. k. 

Spread of Protection. J. H. Morgan. (Corrosion Techn., 
1956, 3, June, 194-196). The author analyses the factors 
involved in the lack of spread of protection afforded by 
cathodic protection due to change in potential of either or 
both the metal and the electrolyte. These factors are: cathode 
control where the metal potential varies, electrolyte control 
where the electrolyte potential varies by virtue of the cathode 
shape, and positional control where the anode proximity 
controls the spread. Models made by the author to reproduce 
the conditions in order to determine the most economical 
design are described.—t. E. w. 

The Prevention of Fretting Corrosion. R. B. Waterhouse. 
(Corrosion Prevention and Control, 1956, 3, Mar., 37-39). The 
author discusses the measures which can be taken to prevent 
fretting corrosion. These consist of (1) preventing relative 
motion, (2) reducing the coefficient of friction, (3) increasing 
the abrasion resistance, (4) excluding the atmosphere, or (5) 
increasing the separation distance. (16 references).—L. E. W. 

Effect of Thiourea Compounds on Dissolution Rate of Iron 
and Mild Steel. A. C. Makrides and N. Hackerman. (Indust. 
Eng. Chem., 1955, 47, Sept., Part 1, 1773-1781). Dialkyl- 
and phenyl- and diphenyl-thioureas were added to hydro- 
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chloric and sulphuric acids and the effects on iron specimens 
observed. Mechanisms are discussed. 

On Classification of Inhibitors of Corrosion of Metals. I. N. 
Putilova and L. G. Gindin. (Zhur. Priklad. Khim., 1955, 28, 
(12), 1298-1301). [In Russian]. A system of classification is 
proposed.—-v. G. 

Inhibition of Acid Corrosion of Iron by Insoluble Organic 
Inhibitors. R. Jenny. (Corrosion et Anticorrosion, 1955, 3, 
Sept.-Oct., 189-209; Nov.-Dec., 253-274; 1956, 4, Jan., 
4-21). The first part of this comprehensive thesis is a study 
of insoluble organic inhibitors. Variation of inhibition with 
experimental conditions is first studied. Next, the relation- 
ship between structure of the inhibitors and their inhibiting 
power is examined, with particular reference to thiols and 
aldehydes. Reasons for inhibition stopping are investigated, 
and the nature of the metal-inhibitor complex is studied. 
The second part deals with the preparation of thiol used as 
inhibitors, with one section on general methods and one on 
methods for particular thiols. (78 references).—t. E. D. 

Inhibition in Aqueous Medium and Resulting Passivation. 
J. Frasch. (Corrosion et Anticorrosion, 1955, 3, Nov.-Dec., 
281-292). A thermodynamic and electrochemical explanation 
of inhibition phenomena is given from which are deduced the 
three principal factors involved, namely hydrogen over- 
potential, instability of hydrogen peroxide, and elevation of 
the iron potential. An inhibitor acts by diminution, cancella- 
tion or inversion of the potential-difference between metal- 
hydrogen or metal to be protected—more noble metal. 

Nitric Acid Corrosion Inhibitors for Steel and Light Alloys. 
M. Bernard. (Corrosion et Anticorrosion, 1956, 4, Apr., 
126-134). The addition of surface active agents to con- 
centrated acids, in particular nitric acid, can prevent corro- 
sion practically completely (more than 99%). Different 
methods of applying this type of protection and the mechanism 
of corrosion inhibition by wetting agents, phosphoric acid, 
and phosphoric acid with a wetting agent, are studied. 

Corrosion Research Laboratories—8: Massachusetts Insti- 
tute of Technology. H. H. Uhlig. (Corrosion Techn., 1956, 8, 
Feb., 36-41, 58). The development of corrosion research at 
M.I.T. is outlined and examples are given of problems that 
have been dealt with satisfactorily and of those that are 
being currently investigated. (55 references).—L. E. Ww. 

Problems in Materials for Nuclear Power. J. P. Howe. 
(Amer. Inst. Min. Met. Eng. Special Report Series No. 1, 
9-28). Diffusion in clad steel (and other metals) and corrosion 
by heat-exchange fluids are discussed in a review of the 
seven types of reactor and the metallurgical problems to 
which they give rise. 


ANALYSIS 


The Bearing of Achema XI on the Chemical Analysis of 
Iron and Steel. R. Kraus. (Giessereitechn., 1956, 2, May, 
109-113). Novel equipment shown at the XIth Exhibition of 
Chemical Apparatus in Frankfurt in 1955 for the determina- 
tion of carbon in iron and steel and of various gases in steel 
and other metals, are described. Electrical measuring instru- 
ments for analytical purposes, calorimeters, and general 
laboratory equipment are also discussed.—t. J. L. 

Excessive Analytical Control in Ferrous Metallurgical Works 
Must be Avoided. S. S. Pryanishnikov. (Zavodskaya Labora- 
toriya, 1955, 21, (12), 1510-1512). [In Russian]. Examples of 
what are considered unneceessary analyses at several Soviet 
iron and steel works are given, and possibilities of reducing 
the amount of routine analytical work are considered.—s. K. 

Photometric Methods of Research for Cast Iron and Steel. 
H. Kopp and E. Zindel. (Giesserei, 1956, 43, April 26, 210— 
216). The advantages of the photometric method of analysis 
in the foundry are described. The combined analysis of 
silicon, phosphorus, manganese, chromium, molybdenum, 
nickel, and titanium, after the perchloric acid treatment is 
described; full details are given of the solutions to be used. 
Using one original solution only, the combined analysis of 
tungsten, molybdenum, vanadium, cobalt, chromium, nickel 
manganese and titanium is also described.—R. J. w. 

Sampling Iron for Carbon Determination. W. B. Sobers. 
(Foundry, 1956, 84. Feb., 87-91). The combustion analysis 
method for carbon is briefly discussed and the sampling of 
grey and malleable cast iron is then considered in detail. The 
importance of preventing segregation and loss of graphite is 
emphasized and methods of obtaining a truly homogeneous 
sample are described.—s. c. w. 
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An Extension of Noar’s Method of Calibration Plates for 
Spectrophotometry. A. H. Gabriel and D. W. O. Heddle. 
(J. Sci. Instruments, 1955, 82, Dec., 474-476). An inter- 
polation method is described by which Noar’s nomogram 
(relating photographic blackening to exposure) can be used 
to find intensity ratios, where the work involved in recording 
the necessary number of calibration spectra would be too 
great.—L. D. H. 

Direct-Reading Spectrochemical Analysis of Alloy Cast Iron. 
R. Bartel and A. Goldblatt. (Spectrographer’s News Letter, 
1956, 9, (2), pp. 3). Mn, Si, Ni, Cr, and Mo are determined. 
The production of homogeneous samples is described. 

Spectrographic Analysis of Carbon- and Low-alloy Steels and 
Pig Iron. N. V. Buyanov. (Izvest. Akad. Nauk SSSR. 
Seriya Fiz., 1955, 19, (2), 174-178). The lines used and limits 
fer Mn, Si, Cr, Ni, Al, Mo, and Ti and the iron lines used for 
comparison are given and the method outlined. 

Preparations and Investigation of Alloy Standards for 
Spectrographic Analysis. K. A. Sukhenko, I. O. Mladentseva, 
N. P. Gorozhankina, Z. 8. Platonova, A. V. Aksenova, and 
S. M. IPina. (Izvest. Akad. Nauk. SSSR, Seriya Fiz., 1955, 
19, (2), 161-164). A table for Cr, Al, Ti, Fe, and Mn is 
included. 

A New Method of Precise and Quantitative Spectrographic 
Analysis Without an Internal Standard. A. Rodriguez Perez. 
(Inst. Hierro Acero, 1955, 8, Oct.-Dec., 729-737). [In Spanish]. 
It is shown that the difference in intensity between two lines 
of the tin spectrum (3175-04 and 2850-61) is an absolute 
value which depends exclusively on the quantity of tin 
consumed at the electrode, and is proportional to its logarithm. 
Thus a direct quantitative analysis can be obtained from a 
single spectrogram, the reproducibility being better though 
the sensitivity is somewhat lower than that obtained with 
an internal standard. The ambiguities in similar work (on 
Bi) are examined and explained. The possible application 
of this method to ferrous analysis is suggested.—P. s. 


Method for the Spectrographic Analysis of Steels. Elimina- 
tion of the Influence of Other Elements. H. Carrancio de la 
Plaza and A. Camufias Puig. (Inst. Hierro Acero, 1955, 8, 
Oct.-Dec., 755-764). [In Spanish]. A new method is proposed 
for the determination of alloy elements in steel based on an 
intensity comparison of two chosen spectral lines of the 
element to be studied. The advantage of this method over the 
classical methods is that each pair of lines is valid over a 
wider range of concentration and that other elements do not 
interfere. Experimental data for the method and cures for 
Cr, Ni, and V determinations are given.—P. s. 

Local Analysis of Welds in High-Alloy Steels and Heat- 
resisting Alloys. A. G. Komarovskii. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (2), 152-153). Apparatus is 
discussed, and the distribution of Si, Mn, Mo, and Nb revealed. 

The Influence of Graphite on the Spectrographic Analysis of 
Alloys. A. V. Kozlova and P. D. Korzh. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (1), 119-120). Addition of 
powdered graphite prevents melting and a curve is cons- 
tructed for Cr and Mn in stainless steels or other alloys. 

Use of a Spectrograhpic Method to Observe the Distribution 
of Arsenic in Steel. O. I. Nikitina. (Izvest. Akad. Nauk SSSR, 
Seriya Fiz., 1955, 19, (2), 188-190). Standard curves are 
shown for the As I line 2288-12 and Fe I, 2287-63, or Fe 
2287-24. 

Spectrographic Analysis of Electrolytes for Zinc and Nickel 
Plating Baths. M. P. Grishchenko and A. B. Shaevich. 
Spectrographic Analysis of Electrolytic Baths. V. P. Golov- 
chenko. (Izvest. Akad. Nauk SSSR, Seriya Fiz., 1955, 19, (2), 
203-4, 204-5). Al, Zn, Ni, Mg, and B are considered in the 
first and I, S, Ni, Mn, Mg, Cl, Br, Mo, Al, Mg, Zn, Cd, Cr, Na, 
and Cu in the second, some being standards. Sodium is 
measured against the background radiation. 

Selection of Sources for Radiographic Use. M. G. Scharr. 
(Non-Destructive Test., 1955, 18, Nov.-Dec., 20-22, 26). 
Characteristics and future possibilities of isotopes are dis- 
cussed.—A. H. M. 

Metallurgical Application of Wet-process Autoradiography. 
G. C. Towe, H. J. Gomberg and J. W. Freeman. (Non- 
Destructive Test., 1955, 18, Nov.-Dec., 36-39). Wet-process 
autoradiography has successfully adapted for use in establish- 
ing the location of suitable radioisotopes in the microstructure 
of metallurgical samples. The resolution is better than 10 p. 
Methods for preparing carbon-14, carburized steel and nickel- 
63 electroplated samples are described.—a. H. M. 
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Device for Measuring the Radioactivity of Metal Samples. 
V. E. Iudin, M. L. Sazonov, and A. I. Osipov. (Zavodskaya 
Laboratoriya, 1955, 21. (11), 1384-1385). [In Russian]. In 
the device briefly described, the radioactivity of specially 
taken cylindrical samples of metal is measured with the aid 
of a multiplicity of counters disposed symmetrically round the 
sample.—s. K. 

Methods of Introducing Radioactive Isotopes of Phosphorus 
into Metal and Slag. V. N. Shikhov. (Zavodskaya Labora- 
toriya, 1955, 21, (12), 1482-1483). [In Russian]. Methods are 
briefly discussed for introducing **P into iron and slag. The 
method proposed is based on the use of ferrophosphorus and 
is especially suitable for accurate laboratory investigations. 

Use of Trilone B for the Rapid Determination of Calcium and 
Magnesium in Limestones and Dolomites. M. M. Sochevanova. 
(Zavodskaya Laboratoriya, 1955, 21, (5), 530-532). [In 
Russian]. The accuracy of determination of MgO and CaO in 
limestone and dolomite with the use of a complex-forming 
reagent was found to be greatly improved by the addition of 
zine. Results obtained with such additions agree well with 
those of gravimetric methods.—s. kK. 

Spectrographic Analysis of Magnesite in Open-Hearth 
Furnaces. A. E. Noshchenko. (Jzvest. Akad. Nauk SSSR, 
Seriya Fiz., 1955, 19, (1), 104-6. The construction of the 
electrode system is shown. 

Quantitative Spectrographic Analysis of Magnesite and 
Magnesia Refractories. G. A. Pedan. (Izvest. Akad. Nauk 
SSSR, Seriya Fiz., 1955, 19, (1), 102-103). Wave lengths and 
comparison lines for Fe, Si, Ca, and Al are given. 

Photocolorimetric Determination of Manganese in Ores and 
Minerals. D. N. Finkel’shtein. (Zavodskaya Laboratoriya, 
1955, 21, (11), 1309-1311). [In Russian]. Details are given of 
a photocolorimetric periodate method for the determination of 
manganese contents of 0-002-10% in ores of any composition. 

Spectrographic Determination of Some Elements in Quartz 
and High Silica Materials. O. N. Nikitina. (Izvest. Akad. 
Nauk SSSR. Seriya Fiz., 1955, 19, (2), 199-200). 

Determination of Total Sulphur in Minerals, Slags, etc. by 
Reactions between Solids. J. Lamure and P. de Gelis. (X X VIII 
Congresso Internacional de Quimica Industrial, Reprint, pp. 5). 
Sulphates are decomposed by tungstic oxide and sulphides 
oxidized by ferric oxide in nitrogen at 1000°. Sulphur dioxide 
is formed and determined iodometrically. 

Chemical Analysis of Titaniferous Slags. IF. Delicado 
Martinez. (Met. Elect., 1955, 19, Sept., 49-54). [In Spanish]. 
Conventional methods of dissolving slags are so slowed down 
by the presence of titania that they are abandoned and 
fusion with alkali carbonates (equal parts of anhydrous 
sodium and potassium carbonates) is adopted instead. The 
theory of the determination of silica, titanium, iron, titania, 
alumina, ferric oxide, phosphorus pentoxide, lime. magnesia, 
etc. from this fusion is given and methods of procedure are 
detailed. (10 references).—»P. s. 

Gas Analysers for Efficient Furnace Operation. E. C. Lang. 
(Metal Treating, 1955, 6, Nov.-Dec., 10-11, 28). A description 
of the Heat Prover designed for measurement of oxygen and 
combustible gases. Typical curves are shown. 

Analysing Furnace Atmospheres. IF. B. Leslie. (Metal 
Treating, 1955, 6, Sept.-Oct., 10-12, 14-15, 42). A review of 
recorders, their uses, and the interpretation of their readings 
is presented. 


INDUSTRIAL USES AND 
APPLICATIONS 


Special Steels in the Automobile Industry. A. Cadilhac. 
(Mét. Constr. Mécan., 1956, 88, Feb., 161-167). The changes 
in the type of steel used in motor cars between 1895 and 1955 
are discussed. Particular attention is paid to the metallurgical 
properties of the steels used at present.—B. G. B. 

The Evolution of Structural Steel Work in Statics, Aesthetics, 
and Economics. G. Covre. (Costruzioni Met., 1955, 7, Jan.- 
Feb., 3-14). [In Italian]. The author describes the trends 
along which structural steelwork has progressed over the years. 
The combination of better methods of design, better use of 
material and improved materials have contributed to sound 
functional structures of pleasing appearance. The article is 
illustrated.—m. D. J. B. 

Steel Construction in Small Dwellings. (Costruzioni Met., 
1955, 7, May-June, 43-44). [In Italian}. This article describes 
an interesting departure from the standard practice of using 
steel frames only in large multistorey buildings. Here the use 
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of steel in private housing schemes is advocated both for 
speed and economics.—m. D. J. B. 

Sigma-Steels for Prestressed Concrete Construction. F. 
Liekmeier. (Draht, German ed., 1955, 6, Oct., 410-414). In 
this article, which is based on literature by Hiittenwerk 
Rheinhausen A. G., particulars are given of the firm’s steels for 
prestressed concrete work, in bar and wire form. These 
include mechanical properties, methods of manufacture, and 
methods of and fastening for prestressing.—J. G. W. 

Manufacture of Blades, Buckets, and Vanes for Turbine 
Engines. A. T. Colwell. (SAH Transactions, 1955, 68, 
492-505). A brief review of British practice is included. 

Ductile Cast Iron Proves Itself, in Kennedy Valve Tests. 
(INCO Magazine, 1956, 26, March, 12-15). High temperature 
bending and 40° F drop impact tests are described. 

Properties of Commercial Hot Rolled Dynamo Pilates. 
E. Czerlinsky. (Arch. Eisenhittenwesen, 1956, 27, Jan., 35-40). 
Experiments to determine the effects of stamping strain and 
pressure on the magnetization curves and hysteresis losses of 
commercial dynamo plates are described and the results 
given. Change in magnetic properties by heat treatment, and 
eddy current losses for various insulation of the plates, are 
discussed.—a. C. 

The Magnetic Screening Effect of Iron Tubes. P. Hammond. 
(Proc. Inst. Elect. Eng., 1956, 108, Part C, Mar., 112-120). 
The magnetic screening effect of cylindrical iron tubes of 
different thicknesses and permeabilities is investigated 
theoretically, the problem being approached by considering 
the induced pole strength on the surface of the iron. Cal- 
culated values of the theoretical screening ratio show good 
agreement with experimental results.—L. D. H. 


HISTORICAL 


Developments in the Scottish Pig Iron Trade 1844-1848. 
R. H. Campbell. (J. Economic History, 1955, 15, Sept., 
209-226). (Reprint). 

Two Metallurgical Discoveries. E. Williams. (Annals of 
Science, 1955, 11, Mar. 93-98). (Reprint). Hadfield’s dis- 
covery of manganese steel and Taylor and White’s high-speed 
tool steels are the subjects of this paper. 


Hand Wrought Chains. W. K. V. Gale. (Newcomen Society, 
1955, preprint). An account of the trade as practised in the 
Midlands. 

The Saint-Michel Blast Furnace. 


M. Bouffart. (Techn. 
Human., 1955-56, 58, No. 6, 327-335). An Eighteenth 
Century blast furnace in the Ardennes is discussed.—t. E. D. 


ECONOMICS AND STATISTICS 


Long- and Short-term Prediction in Steel Industry Economics. 
H. Bohr. (Stahl wu. Hisen, 1956, 76, Feb. 9, 158-163). The lead 
in production planning at the present time is conceded to the 
Anglo-Saxon countries, more particularly the U.S.A. The 
importance of the subject to West Germany is indicated. 

The Soviet Steel Industry—Economic Conditions as Reflected 
by Output and Earnings. (Engineering, 1955, 180, Nov. 25, 
716-717). The article assesses the strength of the Russian 
economic position in relation to the steel industry and the 


BOOK 


CHARLES, J. A., W. J. B. Cuater and J. L. Harrison. 

* Oxygen in Iron and Steel Making.” 8vo, pp. xii + 309. 
Illustrated. London, 1956: Butterworths Scientific Pub- 
lications. (Price 42s.). 

Particularly since the War, there has been rapid develop- 
ment in the use of oxygen for a variety of purposes in the 
production of iron and steel. This has reflected itself in a 
considerable number of publications, which it is the authors’ 
main function to summarize and collate in this timely and 
excellent book. 

All the available material, which is widely scattered, has 
clearly been exhaustively tracked down and examined, and 
a coherent and unprejudiced analysis made of the present 
position. This includes the use of oxygen for the desili- 
conisation of iron, in the open-hearth for assisted melting 
and refining, and flame enrichment, in the electric furnace 
for alloy conservation, in the Bessemer and tropenas 
converters mainly for nitrogen elimination, and in the 
new top-blown steel-producing process developed in 
Austria. There are chapters on the effect, both theoretical 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


BOOK NOTICE 


industrial methods employed in furthering its progress. 
Productivity and incentives, raw materials and plant as 
well as objectives are discussed.—m. D. J. B. 

Swedish Steel Consumption and its Distribution. L. Masreliez. 

(Blad. Bergs. Vinner, 1954, 31, No. 4, 177-196). [In Swedish]. 
Statistics are given of total steel consumption and of the 
amounts used by the more important branches of the Swedish 
economy, the review dealing with all types of rolled, forged 
and drawn iron and steel excluding tin plate. The period 
covered is from 1948 up to and including the first half of 
1953.—6. G. K. 
Australian Iron and Steel Industry. (Hngineer, 1955, 200, 
Aug. 19, 267-269). The article discusses post war developments 
in the Australian iron and steel industry and mentions 
specifically, tinplate plant, ironstone, limestone, and dolomite 
workings and the B.H.P. concerted effort to provide the 
industry with the coaking coals it requires.—m. D. J. B. 

Productivity Problems Solved by Equipment, Methods 
Analysis. C. C. Tappro. (Western Metals, 1956, 14, Jan., 
54-57). Notes on elimination of delays are given. 


MISCELLANEOUS 


History, Field, and Methods of Operational Research. M. 
Verhulst. (Mem. Soc. Ing. Civils France, 1956, 109, Jan.-Feb., 
89-96). Operational research techniques and their application 
to industry are discussed.—s. G. B. 

On the Dissociation Pressure of Pyrites. T. Isihara and K. 
Sudo. (Sci. Rep. Res. Inst. Tohoku Univ., 1953, A5, Dec., 
561-592). The equilibrium in the reduction of natural pyrites 
in powder form with hydrogen was studied by the flow 
method. The decomposition temperature was found to be 
579° C. The dissociation mechanism is discussed with refer- 
ence to the foregoing and to chemical and X-ray analysis of the 
products reduced with hydrogen.—4J. G. w. 

Sulphur in Binary Liquid Solutions. A. Block-Bolten. 
(Bull. Acad. Polonaise Sci., 1955, 3, No. 2, 105-108). Thermo- 
chemical calculations are presented for sulphides in metallic 
systems. 

High Temperature Alloy. (Metal Ind., 1955, 87, Dec. 30, 
543-546). An account of the nickel alloy GMR-235 and com- 
parison with other alloys. 

The Compound Fe,S, (Smythite) Found in Nature. R. C. 
Erd and H. T. Evans, Jun. (J. Amer. Chem. Soc., 1956, 
78, May 5th, 2017). The mineral was found included in 
calcite from Bloomington Ind. Its existence has long been 
postulated but synthesis has not so far been achieved. 

Experiences with Advanced Administrative Training Courses 
for Foremen and Aspiring Foremen. H. Verhuven. (Stahl u. 
Eisen, 1956, 76, Mar. 22, 344-348). The nature and objects of 
the courses given are reviewed, and the age composition and 
occupational backgrounds of the trainees discussed. The 
way in which the courses were conducted is described.—a. c. 

Technical Aspects of the Prevention and Protection Against 
Fire. J. Auphan. (Mét. Constr. Mécan., 1956, 88, Mar., 
287-289, 297). Modern methods of fire protection are dis- 
cussed, particular reference being made to the use of organo- 
fluorine compounds.—B. G. B. 


NOTICE 


and practically achieved, of blast enrichment on the opera- 
tion of conventional blast-furnaces, low shaft furnaces 
mainly on poor ores, the cupola, and gas-producing machines. 

The subject of fume elimination is of great importance in 
the application of oxygen to steel production and pre- 
refining of iron, but has been rather scantily treated, nor 
have the authors been able to describe the use of oxygen 
for steel production in rotating furnaces, which is definitely 
of interest. The omission is probably a reflection of the 
rapidity of advancement at the present time. 

For the worker in the field of oxygen utilization, this 
book will prove of great assistance in stating compre- 
hensively the existing published information in his own 
sector, and in presenting that in closely related fields, 
which may help with the cross-fertilization of ideas. Of 
more permanent value, for reference purposes, will be the 
theoretical analyses of the effects of oxygen on steel and 
iron making reactions, combustion processes, flame charac- 
teristics, and similar fundamentals in iron and steel produc- 
tion.—A. J. KESTERTON. 
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